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WffiFACE TO THE SECOND EDITION. 

Sanitary work is, in tlie mnin, the same in rural as 
in urban disti'icta, for, besides villages, the rural sani- 
tary diBtricta contain many small towns ; and no line 
con be drawn through the category of nuisances which 
would wholly separate those of urban fi'om those of 
rural districts. Nevertlielesa there are many things to 
be considered in the smaller towns and iu villages 
which do not occui- in large towns. In large towns 
some of the more common forms of nuisance have 
been got rid of, while the work to be done in those 
which remain is of greater magnitude; but in the 
smaller towns and in villages the things requiring 
attention are more numerous. 

Each kind of work to be done in these is of equal 
importance witli the same kind of work in large towns, 
although, perhaps because it is of less magnitude, it is ' 
often considered of less importance, and is often very 
badly done. 

In the following pages I have offered no opinion upon 
what may or may not be inj urious to health. My own 
remai'ks have reference only to those constrttctii-e works 
which the Medical Officers of Health approve as tend- 
ing to prevent illness, and these I have considered in 



r 



every case with due regard to economy; but tbe 
economy I mean lies in not doing what ia not necessary, 
and not in doing a thing cheaply. It is not economy 
at all to do in a poor and slovenly manner tlie kind of 
work here referred to ; to use pipes, traps, or other 
appliances which are not well designed for theu' re- 
spective purposes, or which are not well manufactured 
and true in form ; nor is it economy to employ 
workmen who do not understand the pai'ticular kind of 
work they are engaged upon. 

In tliis edition I have made some remai'ks upon 
sewers which have reference as much to large as to 
small towns; and upon house drains which have 
reference to houses everywhere, and to mansions 

The additional remai-ks in the First and Tliird parts 
have especial reference to what haa occurred since the 
issue of the first edition. 



Presteigne, Eadnou, 
Aii<pist, 1883. 
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SANITARY WORK 



THE SMALLER TOWNS AND IN VILLAGES. 



SOME OF THE MOBE COMMON FORMS OF 
NUISANCE, WITH THEIE EEMEDIBS. 



§ I.— PIGSTYES. 

In some parts of the country almost every house 
has its pigstye. 'The pig is looked upon tts a kind 
of bank. It is probable that pig-keoping by work- 
men is not economical, for the meal and other 
meat required to fatten the pig takes a deal of money, 
and it would probably pay the workman better to con- 
vert the waste products of victuals into manure tbaii to 
store them in tubs or tanks about the house to feed the 
pig with. The chief cause of the nuisance of pig- 
keeping, however, is that the floor of the uncovered 
part of the stye is too rough to be kept clean. It 
would seem as if anything were thought good enough 
to pave the Boor with ; boulder stones, brick clinkei-s, 
or anything whatever which wffl igxa-seiA xi!^.^ "^^sj. 



rooting into the earth, — a natural propensity of the 
pig, derived, perhaps, from his wild ancestors, who 
got their own living in that way. These rough floors, 
however, cannot be kept so as not to be a nuisance. 
Piga, like most other animals, do not void dung on 
their own beds if reasonable provision is made for 
them to go elsewhere. When this is done, the straw 
bed of the pig in the covered part of the stye is pre- 
served tolerably clean ; but if the yard or uncovered 
part of the stye be roughly pitched in the manner 
above described it will not go out to this part unless 
the gross inequahtiea of the floor be covered over — 
indeed a heavy pig cannot walk over these rough 
floors. They are then Uttered. The litter holds to- 
gether all the dung and nrine, and soon becomes a i 
mass of filth ; and yet, in consequence of the rough- 
ness of the floor, it must lie there until fresh litter is 
laid down, however foul it may be. It is this reten- 
tion of filth in the open yard of a pigatye which makes 
it a nuisance near a house. As to the manure thus 
made, it ia not worth while to subject the health of 
persons to injury for the sake of it. The remedy for 
all tills is to pave the floor, so that the filth can be 
swept away daily into a covered cesspit adjoinmg the 
pigstye, and to lay a drain from near the top of the 
cesspit to take away the over-flowing liquid to the 
same place — whether that be a sewer or an open piece 
of land — to which the house drainage ia taken. But 
nothing can be done in this, neither in other sanitary 
requirements, without an ample supply of water. 
Anotlier thing which makes a pigstye a nuisance where 
othei-wise it might not be so, is the feeding of pigs 
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with the offal of slaughter-houses. Butchers usually 
do a large business on small and confined premises, 
and make the most of everything to their own advan- 
tage by keeping pigs, sometimes in large nimibers, to 
eat up the offal. It would be very much better, in 
every other respect than the undue advantage of the 
butcher, to convert the ofial into manure. When it is 
considered that it is only in the immediate neighbour- 
hood of a considerable number of dwelling houses 
where private slaughter-houses exist, we see that 
neighbours must necessarily be subject to annoyance 
where large numbers of pigs are kept on adjoining 
premises, and especially so when these are fed, or 
partly fed, on the offal of slaughter-houses. Notwith- 
standing that it might be a harsh law which would 
prevent a labourer keeping a pig when he believes it 
to be profitable to him, providing he keep it clean, 
there are yet certain situations in which a pig ought 
not to be kept at all, viz. : — (1.) Adjoining the wall of 
a dwelling-house under a window ; for in such a situa- 
tion the window cannot be opened without admitting 
the foul emanations of the pigstye, however well it be 
kept. (2.) Immediately adjoining a public road or 
footpath. (3.) Near to a public road or footpath when 
the stye is at a lower level than it ; and the greater the 
difference of level the greater should be the horizontal 
distance of the pigstye firom it. 

It is a frequent question of those who wish to con- 
form to sanitary regulations, if only they know what 
those are, at what distance from a dwelling-house they 
may keep a pig. 

This would seem to depend upon tk^ ^l"ai% ycl ^^^k^ 
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it is kept. If the floor be such that the filth can he 
easily rempved from it, aad if a sufficient supply of 
water be at hand, we may reasonably expect that the 
stye will he itept in such a condition as not to be a 
nuisance, and it may in that case be nearer the house 
than if no care or trouble be taken about these things. 
Tlie Medical Officers of Health may at some time agi'ee 
to recommend a certain minimum distance which 
should be insisted upon in all cases; but until we 
know what that is, the best thing we can do is to bury 
as soon as possible all the solid and hquid filth, so as 
to prevent the formation of injurious gases, or at least 
to lessen the quantify ; and for this reason the floors 
of pigstyes shoidd he evenly laid, so that the filth may 
be swept away daily to the land, in the manner already 
mentioned. 

Asphalt is in some places used for the open yard or 
fold of a pigstye, made with gravel, sand, and the 
pitch of gas-tar. In other places cement is used, 
spread thinly over a brick floor laid upon a bed of con- 
crete, and sometimes upon the concrete itself. Where 
stone flags are to be had within a reasonable distance 
they are sometimes used, and they make the best 
floor ; but a good floor may be made with bricks alone. 
if care be taken to select them squai'e and well-burnt, 
and to bed them solidly on a foundation of concrete, 

Besides the pig and the stye, another source ol 
nuisance is the swili-tub, or wash-tank. Into this are 
thrown both vegetable and animal refuse, which de- 
composes and gives off foul gases. The Hberation of 
these is assisted by stii'ring up the contents every time 
the pig is fed. In so far as this cause of nuisance 
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contributes to the result it affords a greater reason for 
insisting upon its being a long way off the house than 
is afforded by the consideration we have given to the 
pigstye itself. 

There is a Uttle book on " The Pig," by H. D. 
Eichardson, in which he says, " I cannot too frequently 
reiterate my observations relative to the paramount 
necessity of cleanliness and dryness." The floor of 
the fold, he says, should slope towards one comer, 
and should be of flagstones or pavement, and there 
should be a drain &om the lowest comer to a tank or 
small cesspit outside, and adjoining the pigstye. " The 
interior of the covered shed should be kept constantly 
littered ; and so, indeed, should the courtyard or fold, 
if the object of the keeper is to convert his straw into 
manure." (Here the author seems to speak of farmers 
or others having plenty of straw and wauting manure.) 
" If not, it should be swept and washed clean, and 
occasionally sprinkled with fresh sawdust." 

" There is no better absorbent, no cleanlier material 
than this, and it is cheaper than straw, when both have 
to be purchased, much more portable, easier obtained, 
carried, or stowed away." The object in having the 
tank, he says, is a double one, viz., " at once to keep 
the pig-fold and styes in a clean and dry state, and to 
preserve the valuable liquid manure which comes from 
the animals you keep." Again, " There are some who 
will probably inquire whether it would not rather be 
better to suffer the moisture to soak into earth or straw, 
or other substances, on the floor of the enclosure, and 
then to clear it all away periodically, than to drain off 
the liquid into a tank. For the iivfoxmsA.\OTL oi ^^^R^^ 
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persona, I may observe that by drawing off the liquid 
you add to the cleanliness of your swine, and therefore 
to tbeii' health and capacity for thriving ; and also that 
the collection of the liquid manm-e into tanks is less 
troublesome thaa the removal of substances saturated 
with it would be," 

The section of the Act which relates to pigstyea is 
the 91st, defining nuisances, in which a nuisance is 
"Any premises in such a state as to be either a nui- 
sance or injui'ious to health," and "any animal so 
kept as to be either a nuisance or injurious to health," 
and " any accumulation or deposit which is either a 
nuisance or injurious to health." Wherever the terra "the 
Act " occurs, the general Pubhc Health Act, 1875, is meant. 

Dr. Ballard, in his first report on Effluvium nui- 
sances, dated 1882, says of pig-keeping that the fault 
appears to be that the pig is looked upon as essentially 
and naturally filthy, and is thus left to revel in the 
filth he is supposed to prefer, but to this popular pre- 
judice Dr. Ballard demurs ; the pig, be says, is not 
naturally an unclean animal. When the pig wallows 
in mire it merely follows an instinct to cleanse its 
skin. The mud stands to the pig in the relation of soap, 
but instead of washing it off with water he inihs it off, 
when dry, against a rough surface, and thus gets rid of 
loose hair and cutaneous scurf along with the mud. 
Cleanse bis skin for him with soap and water, and he 
will rest in contentment and grow fat. Dr. Ballai'd 
says the flooring should be impervious to wet, which 
should he drained away by proper channels. There 
should be no wood in any part of a pig-stye, for it 
absorbs liquid filtli and is a continual nuisance. 
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§ II.— SLAUGHTER-HOUSES. 

The positions of slaughter-houses in rural sanitary 
districts are generally such as to cause a nuisance. 
They are mostly behind the butchers' shops, and these 
are necessarily in the thickly populated parts of the 
district, and in these parts the ground is in most cases 
as thickly built upon, for some considerable distance 
round the slaughter-house, as it is in many large towns. 
The position behind the butcher's shop is, however, 
preferable to one which is open to the street, as some 
slaughter-houses are, and which are both slaughter- 
house and shop in one. In the case of a slaughter- 
house in the back premises of the shop (which, by the 
bye, is in most cases part of the dwelling-house) the 
objection due to its position is often doubled by its 
bad structural condition. This is wholly unnecessary 
and unwarrantable. In addition to this, notwithstand- 
ing that the spaces are so small and confined, the nui- 
sance is often increased by keeping pigs to eat up the 
ofial, which is the system of disposing of it, and no 
regular means of removal are adopted for disposing of 
that which the pigs do not eat, which is thrown on to 
the manure heap, exposed to the sun and atmosphere ; 
whereas if the system were to keep no pigs on the pre- 
mises, but to remove all the oflFal to a field where they 
might be kept, then all the oflFal would be removed to- 
gether, as a rule of the business, and the premises 
would be rid of both oflFaland pigs. Thi«»\^lVv^Yt^^Nk<i<^ 
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ill some individual cases, and it should be enforced 
wliere necessary, in all cases, on sanitary grounds. 

This being done, nuisance arising from tLe atnic- 
tnral defects of slaughter-houses may be abated by the 
following means. The first requisite is that a suffi- 
cient quantity of water ahall be close at hand. Some 
trials to ascertain the quantity required show that 
about 140 gallons of water ai'e required on each killing 
day ; it is important, therefore, that it should be "laid 
on " in pipes, for if it have to be fetched from a dis- 
tance the necessary quantity will not in general be 
used. 

The next requisite is that the floor shall be evenly 
paved, for a rough floor cannot be kept clean, and 
there is probably no spot of ground within the compass 
of the whole area of the district of a sanitary authority 
that should be so well cleansed as n slaughter- house 
floor, for the dirt it is subject to is of a kind which ia 
most offensive. But an evenly paved floor and plenty 
of water must go together. "Without a sufficient quan- 
tity of water to wash the dirt off an evenly paved floor, 
the beast slips upon it, and a butcher prefers a rough 
floor under those cii'cumstauces. But a rough floor 
cannot be kept so as not to be a nuisance, however 
much water may be at hand. No doubt there is some 
inconvenience to the slaughterman by reason of a cer- 
tain slipperiness of a smooth floor with blood upon it ; 
but, weighed against the sanitary benefits of a quick 
removal of all blood and garbage, this cannot be allowed 
to be a giievance. 

Stone flags make the best floor, but grit-stone in 
any form answers the requirements. It is sufficiently 
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hard for durabllit}', for the near is in tliis case not 
great, and it is sufficiently non-absorbent. Flags 

should be of moderate size. If they are small in area, 
the great weights that come upon them tend to cause 
an unevenncss of the floor : if they ai'e very large they 
ai'e liable to be broken, unless they ai'e also propor- 
tionately thick. It would seem from expeiienee that 
the superficial area of any one flag should not exceed 
one square foot for every half inch of its thickness. A 
firm foundation is neeessaiy, whatever be the material 
of the floor, but the smaller the individual pieces com- 
posing the floor the stronger ought the foundation to 
be. A bed of concrete twelve inches in thickness will 
probably be sufficient for any situation, and if the floor 
be of good atone flags a bed of concrete eight inches in 
thickness will be sufficient. The concrete should he 
made with hydraulic lime, or with cement. The com- 
mon fat limes are not good for foundations. 

The edges of the flags should be squared down to 
a depth of at least two inches, and gi'eat cai-e ahoidd 
be taken to make the joints perfectly close with cement, 
otherwise tlie infiltration of blood and filth will be a 
constant som'ce of nuisance. A level floor is better 
than one laid sloping towards the drain, for the removal 
of the filth by means of water depends in this case 
wholly upon manual labour, and not upon natural 
drainage ; and a level floor is less slippery. 

The drain from the slaughter-house shoidd have as 
much fall as the outlet will admit of, and should be of 
Bocket-pipes six inches diameter, closely jointed. 

The height of a slaughter-house is required by the 
bye-laws in some districts to be not less \,\vk& mtve, ttiA 
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from the floor to the wall-plate of the roof, or, where 
there is a room over it, not less than eleven feet to the 
ceiling ; and that there shall be means of light and 
ventilation to the extent of at least twenty square feet ; 
also that the lowest part of any opening in the walls 
shall be at a height from the ground of not less than 
six feet ; that the cleansing of the floor shall be done 
within three hours of the time of slaughtering ; that the 
walls shall be thoroughly whitewashed with quicklime 
foui' times in a year, viz., in January, April, July, and 
October ; but in other places the bye-laws require that 
this shall be done twice a year, viz., in March and 
September, and perhaps this may be as far as bye-laws 
ought to go, for laws must be absolute, and apply to all 
cases. And in respect of the ai'ca of the openings for 
ventilation, stated above to be twenty squai-e feet, that 
would seem to be very desirable, for the great amount 
of vapours arising from the slaughtering and dressing 
ought to be allowed to escape into the atmosphere as 
quickly as possible. 

Hides and skins should be removed within two days 
of the time of killing. 

Section 169 of the Act directs that, for the purpose 
of enabling any m'ban authority to regulate slaughter- 
houses, the provisions of the Towns Improvement 
Clauses Act, 1847, with respect to slaughter-houses, 
shall be incorporated with this Act. 

Dr. Ballard, in the report previously mentioned, 
says of slaughter-houses that the lair or pound into 
which animals are put before tliey are slaughtered 
should be inspected with a view to cleanliness, every 
time the slaughter-house itself is inspected. He has 
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found that any filthy place has been regarded as good 
enoughto put animals into before slaughtering them. In 
some poiuids he has seen a layer of trodden-in dung and 
litter many inches thick upon the floor, and the walls 
filthy, while the slaughtei' -house itself has been clean and 
limewashed. Theessentialsof slaughtering so as to avoid 
nuisances are scrupulous cleanliness of the slaughter- 
house and pound, of the atmosphere of both, and of all 
utensils, and the speedy removal of all flltli and garbage. 
In order to ensure these results much care is re- 
quisite in respect of details of construction of the 
buildings. The slaughter-house and pound should be 
two tlistinct and separate buildings, or should at least 
be capable of being entirely shut off from each other. 
The walls of both should be of brick or stone, and the 
inner surface should be covered with alayer of Umewash 
which can be renewed from time to time. The lower 
part of the walls to the height of 6 or 6 feet should be 
covered with smooth cement, slabs of slate, zinc sheet- 
ing, or some similarly impervious material, capable of 
being washed clean with water. There should be no 
exposed woodwork ; it should be covered with paint, 
or tar, or zinc sheetuig. The flooring of the slaughter- 
house.§hould be of uniform materiftl, sufficiently even 
to be capable of ready and thorough cleansing witli 
water and a brush, and sufficiently rough to avoid 
shpping upon it. At the same time it sliould be firm, 
and incapable of giving way under the fall of heavy 
beasts, or of breaking under rough usage. Paving 
with York flagstones set with cement ia generally pre- 
ferred by many slaughtermen, whose opinion is worth 
having, to any other paving of a jointed chaTAiLtttt, 
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and theii the water sinks into the gt'oimd and carrieg 
with it in solution the contaminating matter of the 
cesspool, perhaps to a well. So that, at the hest, the 
ease offei's but a choice of two evils ; either the water 
is evaporated, eai'rying into the air the noxious gases 
(and perhaps the genus of specific diseases), or it con- 
taminates the underground water. 

These are suffieieut reasons why privy cesspools 
should be covered, but if water is to be wholly kept out 
of the cesspit it is necessary that it be prevented from 
soaking into it through the sides or bottom from the 
sun'ounding ground ; for the water which falls upon 
the surface and soaks into the gi-ouud is drawn towax'da 
the cesspool, and enters it through the sides and bottom 
unless these ai'e water-tight. When we are about to do 
a thing — though it may be merely the making of a 
water-tight cesspit — it is better to do it thoroughly, 
than to make useless the greater part of om' labour by 
withholding the remainder. 

There are several ways of making the sides and 
bottom of a cesspit water-tight. In the case of a new 
consti^uction the ground may be got out a foot wider 
each way than the outside dimensions of the walls, 
and 6 in. deeper than the underside of the flooring, 
and this outer space may be filled with puddled clay. 
The proceeding is to select some good stiff clay and 
throw it in, and to cut, cross cut, and tread this into 
one impervious mass, with the use of a sufficient 
quantity of water only to reduce it to a uniform con- 
sistency. Care should be taken not to use too much 
water. This bottom puddle having been completed, 
the floor is to be laid and the walls can-ied up, first to 
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hfdf their full height. Then all rubbish is to be 
cleared away from the top of the puddle outside the 
walls, and the space filled in between the back of the 
walls and the sides of the hole with puddled clay, 
previously prepared. The walls should be stayed 
across from side to side to prevent bulging while the 
puddled clay is being trodden in, or rammed in. 
When the walls have been thus backed up to half 
their height the remainder of the walling is to be com- 
pleted, and, after clearing away the rubbish from the 
top of the puddle, the remainder of the puddle back- 
ing is to be completed. The walls should be built 
with hydraulic lime mortar, or with cement, and if 
sufficient care be taken to stay the walls across from 
side to side, and to leave in the struts until the mortar 
becomes hard (on the face of the wall at least) the 
walls may be half- brick thick ; otherwise they should 
be one brick thick. 

Where good retentive clay cannot easily be pro- 
cured, gas tar may be had. In most places some fine 
and non-porous material may be had, such as fine 
gravel, coarse sand, or the refuse of limestone or 
other quarries. Ashes or other porous material is 
not good for the purpose. Let the material be dry, 
and pass it through a screen or riddle of half-inch 
mesh. It has been found, with quarry rubbish, that 
about three by measure of this material to one of gas 
tar makes a substance which can be handled with a 
trowel like common mortar. Having excavated the 
hole to the required dimensions, and trimmed the 
bottom level, spread this composition over the bottom 
and lay the brick floor upon it. The gco\xxi^ ^Q\i5L^\»^ 
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got oat an inch or two wider eacli way than the outside 
of the walls. Cany up the walls to half their height, ' 
and, having cleared away all rubbish from the face of | 
the tar-composition below, fill in the space with the j 
same. Complete the walling, and, again having cleared 
I away all rubbish from the face of the tar-composition, 

complete the backing, taking care to unite the second 
I with the fii'st portion. It is better to make the tar- 

composition used in the bottom stifler, and to add 
more tar for the backing of the walls. 

Old brick cesspools are often larger than is neces- 
sarj-. In these cases the dimensions may be sufBcient 
to allow of a half-brick lining. If so, lay the floor in 
the manner above described, and carry up a half-brick i 
wall all round at a distance of an inch from the old walls, 
and fill in the space with the liquid tai' composition in 1 
the manner described. 1 

There ai'e two ways of covering the cesspit so as ' 
to exclude rain-water — closely and openly. The open 
method is the better. It then takes the form of a 
roof, raised above the ground on posts at the angles, 
the sides being open. The roof should project suffi- i 
ciently far over the aides of the pit to prevent the | 
drifting of rain into it. The whole subject may be I 
reduced to this principle, viz., keep all water out and ^ 
let air in. | 

An important principle to be ohsen'ed in sanitary i 
work is that all effete organic matter should be ex- 
I posed to the action of earth or of atmospheric air, or 
[ of both, as fuUy and as quickly as possible after ,, 
I it has been thrown off, in order that it may become 
' changed into harmless substances, and, for hai'm, [ 
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virtually destroyed. Unless, then, an absorbent like 
dry earth or the fine ash of house-fires be daily thrown 
into a covered cesspit, the cover should be so made 
that the atmosphere may have the fullest play over 
its contents. The cover should therefore be raised 
from the ground, and be, in fact, a roof, the sides 
being open, as in Figs. 1 and 2, Fig. 8 being a plan 



Fig. 1. 



Fig. 2. 




Fig. 3. 




Scale— l-8th of an inch to a foot. 



of the same. When, however, an absorbent, as one of 
those above stated, is added daily, the cesspit may 
be closely covered, as in Figs. 4 and 6. If the cover 
be of wood, a fi:ame of half battens covered with inch 
boarding is sufficient, if the joinla "be ^ocyq^^ ^csA 
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tongued. Either a part or the whole of the b 
cover should be hinged to the frame, so that it may 
be opened for the removal of the contents, and so 
tbnt it may fall down again exactly to its place. Loose 
covers are seldom put back again properly. In fixing 
tJie cover it should be set three inches higher on one 
side than the opposite one, so that the rain-water 
may readily run off. The fi'ame should be bedded 
upon the walls so closely that water cannot soak 
under it into the cesspit. The cover should be laid 
with a close joint against the privy wall, the joint 
being caulked or otherwise made water-tight. 

For dm-ability an iron cover is preferable, if it be 
hinged or have a huiged door, but loose plates ai-e 
seldom put back again into then- proper places after 
removal for emptying, being too heavy. 

The durabihty of wood may be increased by paj-ing 
it over with the oil of coal-tar pitch. After the 
naphtha has been removed from coal-tar, the pitch-oil 
is derived from the residue. Raw coal-tar may be 
used if one pint of spuits of turjientme be added to a 
gallon of tar as a drier. 

The question arises — ^NTiat size should the cesspit 
be ? Before determining tliat, let us consider another 
uuportant matter connected with water-tight privy 
cesspits and with ash-heaps. When the fine ash and 
cinders of a house-fire are brought out and thrown 
into a heap together they are allowed to accumulate 
because of their worthlessness for any general purpose, 
and they become a nuisance in several ways. The 
fine ash is blown about by the wind, and partly into 
the house again in many cases, and when placed 
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on or near to a roadside the dust is a nuisance to 
those who pass. The ash-heap is an inviting place 
upon which to throw the contents of chamber-pots, 
and in general it is the common place upon which 
garbage and the waste of victuals are thrown, where 
a pig is not kept, and it is thus converted into a foul 
mass. No one will readily fetch it away, for it is 
neither clean and useful nor good manure. 

Now if, when the ashes of the house fires are brought 
out daily, the fine ash were screened out of the cinders 
and thrown into the privy cesspit, that part would be 
dealt with, and several important advantages would 
result, for, extraneous water having been prevented 
from entering the cesspit, the only liquid it would 
contain would be that of the excrement, and this 
would be absorbed by the fine ash and kept for manure. 
The fresh privy excrement would be covered daily 
with the fine ash. All garbage and waste of victuals 
should also be thrown into the cesspit and go to make 
manure. 

An open cesspool is economically bad, and wasteful 
of manure. The contents are reduced to a sloppy 
mess, which cannot be taken out without buckets, and 
when it is carried away without being mixed with 
ashes or other dry matter on the spot, a barrel is 
necessary for the purpose ; and when it has been thus 
obtained, at considerable cost of removal, it is hardly 
worth fetching away, because of the labour of mixing 
with other substances before it can be applied to the 
land. When, as is the more general custom, the 
liquid contents of the cesspool are removed together 
with the ash-heap, or part of it — that is to say^ as much 



I 



r 



BAN IT AH Y WORK. 

as the farmer requires for the removal of the liquid con- 
tents of the cesspool — the operation is noisome and 
offensive. But when the ashes ai'e screened the fine ash 
and the privy soil together form a portable manure, in a 
state sufficiently solid to be dug out of the cesspit when 
required. Manure is required for the land chiefly 
twice a year — spring and autmnn — so that in this 
respect a cesspit should be of a size which will hold 
the contents for half a year. 

The quantity of fine ash resulting from house-fires 
varies with the quality of the coal. In some districts 
it averages ^ cubic foot per week firom each fii'e, and 
as in small houses one iire only is usually burnt, this 
becomes f cubic foot per house per week in its dry 
state, or 20 cubic feet in six months. This 20 cubic 
feet will absorb 7 cubic feet of liquid, and its bulk will 
be reduced to three-fourths of its dry bulk, or to 15 
cubic feet per house for six months. 

I have had in use during the last two years, in the 
kitchen of the house I occupy at Madeley, one of the 
ash-screens hereinafter described, which separates 
the fine ash from the cinders, and I have repeatedly 
ascertained the quantity of water wliich a given quan- 
tity of the fine dry ash will absorb, and it is as above 
stated. The spaces between the bars of the grate 
through which the ash falls ai'e thi'ee- sixteenths of on 
inch wide ; a width decided upon, after frequent trial, 
to be the best width. 

A depth of 6 or 8 in. of straw, fresh stable litter, 
sawdust, fern-brake, or otlier wa.ste vegetable absorbent 
of that kind, should be put into the bottom of the 
cesspit before beginning to use it, and each time after 
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mptying it. Under certain cii-cimistancea an exces- 
sive quantity of urine is discharged into the cesspit, 
which percolates into this absorbent material, and is 
retained at the bottom, and not subject to evaporation. 

This will occupy a space of 6 or 8 r.ubic feet — say 8, 
making 23 cubic feet. Then the fteces, ifcc, will oc- 
cupy a space of 3 or foui' cubic feet — say 4, making 27 
cubic feet, or one cubic yiu'd per house for six months. 

But it must be observed tliat the kind of coal from 
which the above-named quantity of ash results (which 
has been found by experiment) is not of average good 
quality, and probably about ^ cubic yard per house 
would be sufficient on the average. 

The cinders, being separated from the fine ash, are 
useful for a variety of purposes. They may be re- 
burnt, or, if not disposed of in that way, they are very 
useful for roads and footpaths. Nothing makes n 
better foundation for the metalling of a rood than clean 
cinders, and across wet land nothing makes so firm and 
dry a footpath ; they bind well together, are porous, 
dry, and therefore clean, which is really a great thing 
to be desired in rural districts. The slight objection 
to the dark colour is soon gone after experience of 
the comfort of walking on such a footpath in wet 
weather, when perhaps others are almost impassable. 
But it is only by taking out the fine ash that the house 
ashes are made thus useful. If at first careless people 
should spoil their heaps of cinders by throwing on to 
them such garbage as they ought to throw into the 
privy cesspits, that will be rectified by a gradual ac- 
quisition of couamon sanitary knowledge ; and if this 
fail, the inspector of nuisances may with more justice 
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deal summarily with such persons than when no pro- 
visions are made to enable the tenants to avoid commit- 
ting nuisances ; for really at present the commission of 
nuisances is in many cases unavoidable for want of pro- 
per stmctui-al conveniences on the premises of houses. 
An extensive acquaintance with the poorest people 
shows that there is no reason to doubt the willingness 
of most of them to keep their houses and premises 
in a cleanly condition, and to observe sanitary in- 
structions, even though they may entail some extra 
trouble, provided that practical help is given to them 
to enable them to comply with those sanitary rec[uire- 
ments, and not, as it were, stand a long way off and 
call out to them to do this or that without making it 
possible for them to do it. It is in such cases as this 
that we hear people say, " Oh, they won't take the 
trouble to keep the place clean, do what you will for 
them." But that is not true, in any large sense, al- 
though it may be so under certain circumstances, aa 
those, namely, where owners of houses never go near 
their tenants, but leave the collection of rents to 
agents. These common subjects of pigstyes, privies, 
cesspools, and ash-heaps, claim serious attention, for a 
Public Health Act cannot be properly carried out 
unlesB the work be begun at the right end, and that 
we may take to be to get people, each for himself and 
herself, to perform those common every-day functions 
of cleanliness which, when neglected, cause an ac- 
cumulation of evils almost irremovable. It is by 
dealing with these evils in detail, upon some general 
and well-defined system, that they will come by-and-1 
to be wholly removed. 
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As to the means by which the fine ash may be 
separated from the cinders, in a simple manner and 
inexpensively, there is a choice of two or three. 1. A 
fixed screen, as shown at A, in Figs. 4 and 5, built 
into the wall of the privy. Figs. 6, 7, 8, and 9 are 
respectively a section, an end view, a plan, and a cross 
section of the ash screen, to a scale of 1 in. to a ft. 
Here the ashes of the house-fires are brought out and 
thrown into the screen, and with a small rake the fine 
ash is soon separated from the cinders, and falls down 
upon the cover of the cesspit, and is pushed through 
a hole in the wall of the privy, underneath the screen, 
into the cesspit ; the cinders are then raked out of the 
screen into the box in which the whole had been 
brought out, and carried back to the fire, or otherwise 
disposed of. 



Fig. 4. 



Fig. 5. 




The cost of this screen, in the form in which I have 
had it made, is 6^., and in building a new privy it 
adds no more than that to the expense ; but in fixing 
it to an existing privy wall, the expense oi cwXXSxi^'Ocka 
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hole and fixing the screen is Is. 6rf. more, making 
7s. Gd., fixed complete. It weighs 14 lbs. 

A fixed screen of this kind has the disadvantage 
that the fine ftsh is blown about during the process of 
carrying and screening, and to avoid that I have | 
demised a heartli-box, which takes the place of the | 
common grid and hole under the fire-grate. A small ' 
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box or shiUlow ti'ay of sheet iron is pliieed under the 
fire-grate, having a. grid or grating attached to the top 
of it, which, wlieii iti its place, is flush witli the hearth- 
stone. The fine ash mostly falls of itself through the 
gi-ating into the box. WJienever the hearthstone is 
swept up the remainder falls through, and tlie cuiderg 
iire at once put upon the fire. Tliia is done as often 
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in a da? as a cleanly woman pleases to tidy up lier 
hearthstone. 

The size is made sufficient to contain one day's fine 
ash, 80 that it must be removed daily. The hearth- 
box, or cinder saver, as it may be called, being taken 
to the privy, the fine ash is discharged into the cess- 
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pit, either through the privy seat or through a hole in 
the wall of the privy outside. In this way the excre- 
ment is covered daily, while at the same time the fine 
ash is got rid of, and which is uselessfor almost any other 
purpose, and it absorbs the liquids oi the eii:i:cav'CTA., 
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and converts tlie whole contents of the cesspit into a 
portable manure, of some value, and which will on 
that account be the more regularly and frequently 
removed. 

This box; is shown in Figs. 10, 11, 12, 13, and 14, 
and costs about 5s. 

Cutting the hole for it under the fire-grate costs 
about the same as cutting a hole in the wall of the 
privy for tlie fixed screen, so that (when the ash is 
discharged from the box through the privy seat) the 
whole expense is about 6s. 6rf., and when it is pre- 
ferred to cut a hole in the piivj' wall instead of that, 
the whole cost is about Is. &d. 

Fig. 10 shows a cross section of the box, shut; 
Fig. 11, the front end when open for the discharge of 
the ash ; Fig. 12 a section lengthwise, shut, and Fig. 
13 open ; Fig. 14 being a plan. 

The hearth-box is made of sheet-iron of the thick- 
ness of No. 16 wire-gauge. The bars are Jin., and 
the spaces -^ in. ^Vhen in its place the top of 
the grating which covers the box is flush with the 
hearthstone, and offers no obstruction to the use of 
the brush or shovel, A hole is sunk in the heai-th- 
stone a little deeper than the box, and a chisel- draught 
run round the edges, to receive the flange of the bos. 
The box itself is hinged to the near end of the grating 
plate, and has side flanges not qiiite so wide as to 
come flush with the edges of the grating plate, so that 
the gi-ating plate can be retained by the fingers' ends 
when the flange of the box undenieath is let drop for 
the purpose of shooting out the fioe a.'sb. ^.\l1CiM.^ ^.W 
A/- end. The near end of the box is mA&e sX-o^vvin , ?« 
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that it may be more readily picked up from the hearth 
than if it had to be lifted vertically to the height of its ' 
ovm depth. On each side of the box a half-round 
chase is cut in the hearthstone, 1 in. wide and ^in. 
deep, into whicli the tips of two fingers of each hnnd 
are inserted to pick up the box. 

When it is said that six months seema to be the 
most suitable length of time upon which to calculate 
the capacity of a cesspit, that is on grounds of utility 
alone, seeing that it is twice a year when farmers 
require the manure, and therefore will readily fetch it 
if it is worth sometliing, and so we might reckon upon 
getting the cesspits regularly emptied, at least as often 
as that, if we can convert tlie privy excrement into a 
portable manure. But it is, of coui'se, a question on 
general grounds of health wlietlier privy excrement 
should be allowed to remain on the premises of a 
dwelling bouse so long as that. Unless it be at least 
once a day covered with ash or dry earth, that would 
seem to be too long a time ; but it is by the Medical 
Officers that this question must be settled, and the 
general testimony seems to show that in towns the 
excrement should either be removed at once, by means 
of water-closets, or if privies continue to be used in 
towns, as often as once a week ; and this requirement 
reduces the size of the receptacle to one which can be 
easily removed, and a tub or pail is then adopted 
instead of a cesspit. But an important general ques- 
tion must be determined before it can be said which of 
these two methods — a cesspit or a pail — is to be pre- ' 
ferred in any place, rural or urban. \^, \% ■wVe'Oas.t Ssv^s i 
S/uzitary Authority shall undertake ttve le-saoNoJi- q1'vM» , 
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privy excrement, or whether it shall be done by indi- 
viduals, for it is only when the work is done hy the 
Sanitaiy Authority, under an organised system of re- 
moval, renewal, and disposal, that the pail or tub 
system can be made to work properly. 

In devising means to an end it often happens that 
the object assumes a form different from that first con- 
ceived, although it may remain the same in principle : 
the one form growii^ out of the considerations given 
to the other. Thus, as soon as reason has established 
the case that there should be no open cesspools, but 
that tliey should be convei-ted into water-tight cesspits, 
a little fm'ther consideration shows that, when every- 
thing is water-tight and dry, no pit at all is necessarj-. 
In considering how to prevent exhalations from an 
open cesspool, the first thing that occurs to one is to 
cover it ; the next to supplement the close cover with 
water-tight walls and bottom ; and, in order to absorb , 
the Uquid and hold it for manure, and to deodorise 1 
the contents of tlie cesspit, to throw into it diy earth 
or the fine ash of the house-fires. But when the con- 
tents of tbe cesspit are thus converted from a liquid to 
a dry mass, there appears no reason for a pit at all, and 
no reason why the dry mass should not be deposited 
on the level of the gi'ound, so as to be easily filled into 
a barrow or cm-t in tlie usual way, and so avoid the 
useless labour of digging it out of a pit. 

All that is necessary in order to make a pit unne- 
cessary is that the floor of the privy shall be consider- 
ably higher than the level of the ground at the place 
where the manure is to be shovelled up into the barrow 
oj- cart, and 2 ft. ivoiild seem to lie a suffiicVeBX. \ve\^\\. 
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for this. Privies are sometimes built on slopit^ 
ground, which gives of itself a sufficient difference of 
level between the front and back of the privy, or nearly 
so ; but on level ground one of two things is necessary 
to be done in order to do away with a pit : either to 
raise the floor 2 feet or so above the ground level and 
make an inclined walk up to it, or to make steps, say 
three of 8 in. each. 

At the back there should be a projection from the 
wall of the privy, as shown in Figs. 15 and 16, so aa 
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to contain the same quantity as a pit should do in the 
same place, say | cubic yard for each house, and the 
floor should be made to slope downwards about 1 in 
6, as shown. A hanging door covers the hole through 
which the place is emptied. The contents being in a 
dry state, nothing exudes through the opening. 

Besides the greater fiicility of emptying, this plan 
has the advantage of being rather less expensive than 
the pit, and especially so on sloping ground. _ 



There is another method which consists in laying a 
concrete or other floor at the ground level, to receive 
the deposit, and round the edges of which on three 
sides the house ashea are arranged. The floor of the 
privy in this case is raised above the level of the 
ground— say 2 feet. The excrement and the ashea 
are mixed together when requii-ed to be removed. If 
the ashes are carefully disposed round the edges of the 
floor tfiey absorb the excess of liquid and prevent it 
spreading over the surface of the ground outside. This 
method, however, would seem to me to be objectionable, 
unless the floor and the space occupied by the ashes 
were roofed over. That being done it would be pre- 
ferable to a pit. Indeed any kind of pit is to be 
avoided if possible. The open pit ought not to be 
allowed under any circumstances, and, seeing the diffi- 
culty of making a pit water-tight, it is advisable to liave 
none at all. But the roofing over is absolutely 
necessary. 

By section 35 of the Act every new house is to have 
a sufficient water-closet, earth 1 to ]rivy, and 
an ashpit furnished witli i^rop 1 s and overinga ; 
and by section 36 any house with ut a sufti nt water- 
closet, eai-th-cloaet, or privy, and an a b^ t funiished 
with proper doors and coverings t b j vided with 
these within a reasonable time to be specified in a 
notice to be given to the owner or occupier. If the 
notice is not complied with the local authority may, at 
the expii'ation of the time specified in the notice, do 
the work thereby required to be done, and may recover 
/he expenses from the owner : or nmy declare the 
sanio to be privixiQ improvement ex\ie'n'flea ', ■pYoiS.ie.i 



PRIVIES AND CESSPOOLS. 88 

that where the convenience has been and is used in 
common by the inmates of two or more houses, or if 
in the opinion of the local authority the convenience 
may be used by the inmates of more than one house, 
they need not require one to be provided for each 
house. 
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§ IV.— BAD AIR IN HOUSES. 

Those persons who go much into small houses, 
whether in town or country, find a fetid odour and a 
close and stuffy condition of atmosphere prevalent in 
all parts of the house. This fetid odour is distinct 
from that of sewers and di'aina, and prevails also 
where there are none of these. It is the eshalationa 
from animal bodies, human, canine, feUne, and other, 
and from dirty clothes brought into the house damp, 
and there left to dry ; from dirty bed clothes, which 
have absorbed the perspii'ation of persons during the 
night, and give it off in vapour during the day ; and 
the general dust of the house. 

When we consider the chemical composition of 
atmospheric air in different places, it is. surjirising 
how small the diiference is — in figures. Atmospheric 
air consists, in the main, of two gases, viz., niti'ogeu 
and oxygen (the nitrogen being inert and the oxygen 
the life-sustaining portion), with a small quantity of a 
third, viz., carbonic acid. Dr. Angus Smith has 
recorded, in his boob on " Air and Rain," that the 
usual amount of oxygen in the atmosphere — that is, 
the average analysis of the air of all places, good and 
bad— is 20-96 per cent., or 209-6 cubic feet in 1000 
cubic feet of air. The air of the seashore and the 
open heath, he says, contains 20'999 per cent, of oxy- 
gen. In a room which felt close, but not excessively 
80, the amount was found to he 20'89 per cent. In a 
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very small room, with a petroleum lamp burning and 
a good deal of draught, the quantity of oxygen was 
20*84 per cent., and after the lamp had been burning 
for six hours it was 20*83 per cent. At the backs of 
houses in Manchester it is 20*70 i)er cent. In a 
crowded law court in London an analysis gave 20*65 
per cent. When a candle goes out it is 18*50 per 
cent. The worst specimen examined from a mine was 
18-27 per cent. 

No air in nature contains more than 21 per cent, of 
oxygen, and none contains much less. It is proved. 
Dr. Smith says, that badly ventilated rooms contain- 
ing less than 20'7 per cent, of oxygen are very un- 
wholesome. 

" Some people will probably inquire," he says, " why 
we should give so much attention to such minute 
quantities, thinking these small differences can in no 
w^ay affect us. A little more or less oxygen might not 
affect us, but supposing its place occupied by hurtful 
matter we must not look upon the amount as too 
small. The difference between 20-999 and 20*980 is 
190 in a million. In a gallon of water there are 70,000 
grains. Let us put into it an impurity at the rate of 
190 in 1,000,000; it amounts to 13-3 grains in a 
gallon. This amount would be considered enormous 
if it consisted of putrifying matter, or any organic 
matter usually found in water. But we drink only a 
comparatively small quantity of water, and the whole 
13 grains would not be swallowed in a day, whereas we 
take into our lungs from 1000 to 2000 gallons of air 
daily. 

" The detection of impurities in the air is therefore of 
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the utmost importance. We must remember also that 1 
the blood receives tlie air and such impurities as are 
. not filtered out in its passage, wliilst it is tlie stomach j 

which receives the water we drink, and that organ has 
li for many substances a power of disinfection and de- 

struction which the blood does not possess." 

The quantity of carbonic acid in the atmosphere is 
stilted by the same authority to be as follows, at Man- 
chester : — 

In the streets in usual weather, "0403 per cent. ; 
duiiug fogs, '0679 ; about middens, '0774 ; average of ' 
all the town specimens, "0442 ; where the fields begin, [ 
"0869 ; minimum of suburbs, "0291 ; and in close ' 
buildings, "1604 per cent. . j 

In the Loudon parks and open places the per-cen- ', 
tage of volume is -OSOl ; in the streets, '0380. 

On hills in Seotlaud, 'OSS-i the lowest, and -0341 
the highest per-centage, 

Dr. Bernays found in a Chancery Comi., with closed 
doors, at a height of 7 ft. from the floor, "193 per 
cent, at a height of 3 ft. from the floor '203 per cent, 
of carbonic acid gas. The worst specimen from a i 
London theatre, at eleven o'clock at night, was '320 
per cent. 

Dr. George Wilson, in his " Handbook of Hygiene," 
says, " the question resolves itself into this — A\'bnt i 
amount of carbonic acid shall be accepted as the 
standard of permissible maximum impui-ityi After 
numerous experuiients and a most extended inquii'y, 
D!'. Parkes has given it as his opinion that, allowing 
'4 volume as the avei'age amount of carbonic acid in 
1000 volumes of air, tliis standard ought not to 
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exceed *6 per 1000 volumes, because, when tliis 
ratio ia exceeded, the organic impurities, as a rule, 
become perceptible to the senses. With a ratin of '8, 
■9, or 1 per 1000 volumes, the air smells stuffy and 
close, and bej'ond this it becomes foul and offensive." 
Dr. Wilson corroborates these renaftrks of Dr. Parkes 
from his experience of prisons, a class of buildings 
which afford opportunities of arriving at an approxi- 
mate and practical solution of this problem. 

Dr. Angus Smith, in "Air and Rain," says, "we 
all avoid an atmosphere containing '1 per cent of cai'- 
bonic acid in crowded rooms ; and the experience of 
civilised man is that it is not only odious but un- 
wholesome. When people speak of good ventilation 
they mean, without knowing it, air with less than "07 
per cent, of carbonic acid." 

Dr. Parkes gives the average amount of carbonic 
acid exhaled by an adult in the twenty-four hours as 
16 cubic feet, or a little over "G cubic feet per horn-. 

Dr. Wilson points out that when lights are used, 
and the products of combustion arc allowed to pass 
into a room, the supply of fresh air must be 
augmented in order to maintain the standard of 
pm-ity. 

" It is found that 1 cubic foot of coal gas destroys 
the oxygen of 8 cubic feet of air in combustion, and 
produces about 2 cubic feet of carbonic acid, besides 
other impurities. As a common gas burner burns 
about 3 cubic feet of gas per hour, the importance of 
having these deleterious products of combustion carried 
off by special channels will be readily admitted." 

Taking '6 carbonic acid per 1000 volumes of air as 
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the standard of maximum impurity, and "6 cubic feet 
of carbonic acid exbnled per bow, and taking the 
initial carbonic acid contained iu the atmosphere at 
the normal ratio of '4 per 1000 volumes. Dr. Wilson 
says, " the quantity of fresh air which should be 
supplied ia found by calculation to amount to 3000 
cubic feet per head per hour, in all cases where the 
diffusion of the contained air is uniform." If, instead 
of 'G, a lower standard of "7, '8, or "9 volume of 
carbonic acid per 1000 volumes of air be fixed upon, 
the amount of fresh air required would be propor- 
tionately less, of course; — would be 2,000, 1,500, or 
1,200 cubic feet per head per hour. Actual experi- 
ments made at five o'clock in the morning at Alder- 
shott Camp show that in a room with a supply of 
1,200 cubic feet of fresh air per head per hour the 
carbonic acid was "855 per 1,000 volumes ; in another 
room with a supply of 1,700 cubic feet it was "759 per 
1,000 volumes ; and in a third room with a supply of 
about 765 cubic feet per head per hour it amounted 
to 1'2 per 1,000 volumes. 

The foregoing calculations and facta show the 
quantity of fresh ah' requii-ed to be admitted into 
rooms in order to prevent the quantity of carbonic 
acid gas increasing beyond a given standard ; but as 
soon as we come to apply the rule in practice the 
question of the capacity of the room comes iu, with 
its many difficulties, and also the means of admitting 
the fresh air, for although we might cause the required 
quantity of fresh air to pass through the room, yet its 
velocity through small spaces would probably produce 
Buch draughts as would be intolerable. We find it to 
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be so in practice. When the only means of admitting 
fresh air is through the doors and windows, a person 
in a small room is exposed to draughts of aii* in almost 
any possible position, and we commonly find holes in 
walls stopped up to prevent these draughts — and not 
merely to keep the house warmer. It is the same 
whether the hole be imder a door, a broken window- 
pane, or whether it be a pui'posely-fixed ventilator; 
people will not leave them open. They would be glad 
enough to have fresh air if they could have it without 
draughts ; and I have known holes knocked through 
the back walls of houses by the tenants themselves, 
but stopped up again because of draught. To make 
the air of dwelling-houses fit to live in is one of the 
most important objects of a sanitary authority. 
Persons who are tolerably wealthy may accomplish 
this for themselves, but it is the necessities of the 
multitude that engage the attention of a sanitary 
authority. The ventilation of houses is as difficult as 
ever the sewage question was, and will require for its 
solution as much research as has been given to that 
question, and which must be accomplished by legisla- 
tion as efficient as that now in force and that which 
may follow on the sewage difficulty. 

Bad air is aerial sewage, and must be cleansed by 
oxidation before we can safely breathe it, as foul 
water must be before we can drink it. 

The sections of the Act which relate to this subject 
are the 91st, which declares " any premises in such a 
state as to be either a nuisance or injurious to health '' 
to be a nuisance, and the 46th, which is as follows : — 
" Where, on thd certificate of the Medical Officer of 
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Health, or of any two medical practitioners, it appears 
to any local authority that any house, or part thereof, 
is in such a filthy or unwholesome condition that the 
health of any person is affected or endangered thereby, 
or that the whitewashing, cleansing, or purifying of 
any house, or part thereof, would tend to prevent or 
check infectious disease, the local authority shall give 
notice in writing to the owner or occupier of such 
house, or part thereof, to whitewash, cleanse, or 
purify the same, as the case may require." 



§ v.— DIRTY HOUSES. 

We do not find clean people in dirty houses, nor 
dirty people in clean houses. When we look into the 
causes . of dirty houses we find that want of proper 
drainage for the house slops is one of the chief of 
them. A house must be considered to extend beyond 
the threshold of the door for at least some yards. 
Where, for some yards in front of the house-door, the 
surface of the ground is not paved, or so rouglily 
paved that liquids cannot run off cleanly from it — 
that is one cause of a dirty house. The children run 
in and out many times in a day ; and every person 
and animal of the household brings dirt into it con- 
tinually. The poor woman may try to rectify all this 
by scolding the children and kicking the dog, or may 
drive the children away altogether, for some hours at 
least, to find a better place to run about in ; but it all 
ends in failm^e and bad temper, and the house becomes 
permanently dirty. The dirt on the floor dries, and is 
kicked or blown about in dust, which settles on the 
furniture and clothing, the walls and the ceiling, and 
is even carried upstairs. Bed-clothes are thrown on 
to the floor for want of other convenient place ; 
washing day would come very often if it were to come 
often enough to keep things clean ; and often withal 
there is a want of water. But the strength of s^vtvt 
and of body required to keep a cVe^w \iOM%^ \isA^x 
these long-continued adverse civc\xY!tv^ltcv\ee's» ^\ft^ ci^. 
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nnd the house fnlla gi-adimllj' into a chi-onic state 
of dirt. The husband becomes dissatisfied with it, 
and with all in it, and the usual consequence of that 
is too well known to need to be mentioned ; it is 
enough to say that it is one of the circumstances of 
his life which does not tend to maintain his health. 

Less money than the wife wants comes into the 
house because the rest has gone elsewhere. Children's 
clothes become worn out until scarcely any rer 
main. She starves herself to feed her children, and 
even then insufficiently for their liealth. Sickness 
comes into the house, with its consequent expenses. 
A dirty household is under these circumstances kept 
together as long as possible, hnt a frequent conse- 
quence is the necessity of parish relief, and the ownera 
of house -property pay perhaps more money in un- 
necessary poor-rates than would be necessary for all 
tlie expenses of drainage. 

Dirty roads ai'e another cause of du-ty houses, 
and ai-e uneconomical as well in the cost of main- 
tenance. 

It is ruinous to a road to allow water to lodge upon 
it. If the object were to gi-ind down the materials by 
means of wheels and horses' feet we should add water 
to them, and that is practically what takes place 
when water lodges on a road. It is a matter of 
experience, after taking into account all chai-ges of 
I'oad-maintenance, that the cheapest materials for the 
voad surface are the best in quality. Trap rock is 
the best uiatei'ial ; sandstone is weak ; hmestone is 
slippery ; flint is too brittle ; granite, of certain quali- 
ties, is a good material, but trap rock w \ie\\ft"c 
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has a property of toughness as well as hardness. 
The pebbles and boulders picked from agricultural 
land are good for the purpose, when broken and 
made angular, so that the stones interlock with each 
other. It is necessary that there should be a good 
depth of stone — say ten or twelve inches — but it is 
not necessary that it should all be of the quality which 
is suitable for the sm'face ; the lower half or two-thirds 
of the depth may be of inferior quality, such as sand- 
stone, for this part is to be regarded as the foun- 
dation only, and is never to be reached by the wheels 
of vehicles or by horses' feet. It should, however, be 
broken to the same size as the top stone, or metalling, 
otherwise it will work up to the surface, and the size 
should not be lai'ger than would pass through a ring 
two inches in diameter. Stone of two kinds, differing 
in hardness, should not be mixed together ; the softer 
wears away before the other, and leaves an uneven 
road ; but if placed altogether below the hard stone 
it serves the purpose of supporting the better material. 
Roads come properly within the category of sanitary 
works. Dust is certainly a nuisance, and mud is no 
less so; both are sources of dirty houses. Even 
in a monetary point of view, a good hard material 
for the top metalling is economical ; less dust and mud 
are produced, because there is less wear. It is the 
wearing away of the materials in wet weather which 
produces first mud and then dust. The carting of 
large quantities of poor material on to a road, and the 
removal of large quantities of mud fi^^om it, cannot be 
economical. And be it remembered. t\i«A. \)£ia y^xc^ss^'^ 
of the mud takes place and must ta^^ ^\w!.^ ^\ifc*viagx 
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labourers be einplojetl to scrape and eweep it up, 
aiid cHrts be eni])loj'ed to remove it, or whether it 

be left to be washed away in heavy I'ains into the 
driiins, or, in hghter rains, to be ground up and remain 
to be blown away by the next dry wind. To have 
it washed into the road drains is to have tliem choked ; 
then the road -labourers disturb the construction of 
the drains or culverts and clean out the deposit, and 
restore the construction in a very rough and inefficient 
manner, making stoppages all the more likely after- 
wards. So that the ground-up material is necessarily 
removed, either as mud or dust. "NVatering roads, 
too, is expensive work. The expense of all these is 
reduced by making the top metalling of roads with 
better material. 

Sir Henry Parnell, in his book on roads, gives the 
results of experiments on the force requu'ed to draw 
given weights over roads of various degrees of clean- 
liness, which show that for the same load the following 
very diiierent degrees of force are required for the 
draught. 

On a. iQDiIdj gravel road S3 

On a clean gravel roail 13 

Or a mndd; road which is madB with good brokea stone . 10 

On the name road covered with dort .... 8 

On a wuU-made broken etooe rood ia a cloau dry state . , 5 

Ob a paved load 2 

In a paper contributed to the Institution of Civil 
Engineers by Sir Joseph Whitworth some yeai's ago, 
on the advantages and economy of maintaining a high 
degree of cleauhness in roads and streets, it is said 
that it is a remarkable fact that the quantity of dirt 
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removed is not increflsed by frequent cleansing, but is 
indeed nnder some circimi stances diminished. This 
can only be explained by the fact that very much less 
dirt is produced on roadways which are kept properly 
cleansed, and that therefore they are preserved. This 
effect of improved cleanliness has been generally 
observed, and its cause is that when dirt is allowed to 
remain on the surface of a. road it retains the water. 
A curious illustration of the preservative effect of 
cleanliness of a roadway is atfovded by the state of the 
crossings, where the roads are "macadamised" or 
made with broken stone. The sweepers keep their 
crossings clean by constant sweeping; but the road, 
instead of being, as might have been expected, worn 
away at the crossing, is often found higher and less worn 
than the adjoining parts. The saving of the material 
is no doubt the consequence of the greater dryness, 
and therefore hardness, of the clean paii, of the road. 
In tlje discussion on this paper, Mr. P. H. Holland 
said that one of the best effects of clean streets was 
that the houses were more easily kept clean, and the 
effect of this upon the habits and morals of the people 
was most important. If persons could not keep their 
houses clean with a reasonable amount of care and 
trouble, they soon gave up the attempt, and submitted 
to live in dirt. This domestic dirtiness caused 
domestic discomfiture, which naturally led the husband 
to desert his own fireside for the public house. If, 
however, the streets were kept clean, it became com- 
paratively easy to keep the houses so. He had 
frequent opportunities of watching the effect of im- 
jirovements in this respect, and it invarin-tlY MIci-kslA. 
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thnt there had been a marked improvement in the 
hftbits and morals as well aa in the health of the 
people, 

The condition of public roads is of great import- 
ance in another respect. How sliall we call upon 
persons in then- private capacity as householders to 
keep their houses clean when the public authority 
make it almost impossible to do so by neglecting the 
condition of the streets and roads ? It is one of the 
gi'avest questions which a sanitary authority can enter- 
taui, whether they do not themselves contribute to the 
dirty condition in which we find the houses of poor 
people. And as to the question : "Which are public 
roads ? it ought not to arise, for all roads which are 
used by the public ought to belong to the pubhc 
authority. It is of frequent occurrence that roads, 
originally private gi'ound, are thi'own open to the use 
of the public without having been fii-st properly made 
by their owners, and when the public authority is 
asked to take to these roads and keep them in repair 
tliey very properly object to do so until they have been 
put into a proper state of repaii' by the original owners , 
but the pubUc havuig used these roads —in some cases 
for many years— the oi'iginal oivners say the road is no 
longer private, and is now public ground. These con- 
tentions cause jniuli diliiculty, and are injurious to all 
parties concerned. The course of proceeding should 
be that when a road not properly made is thi'own open 
to the public by the owner of adjoining property for 
tlie convenience of the tenants, the public authority 
should bar tlie road to cai'riage traffic 
have been properly made, and then t[ 
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public road. By allowing it to be used by the public 
before it is properly formed, the public authority create 
a difficulty for themselves, but by placing a bar across 
one end, upon the public road with which it communi- 
cates, the owner of the private road sees that it is his 
interest to make the road properly at once. But as a 
practical remedy for former laches on both sides it seems 
proper and just that all such roads now existing should 
be put in order with the assistance of the sanitary 
authority, and that in future a better system of proce- 
dure should be adopted ; for, besides the necessities of 
roadways in such cases, it is frequently a present 
necessity of the sanitary authority that sewers be laid 
in such roads. 




It is unnecessary to describe tlie many evil effects ( 
of dampness of the floors upon which, and the walls i 
against which, people lodge. The chief cause of 
diimpness of houses is the want of proper eaves- 
troughs and spouting to the roofs, and where the pre- 
caution has not heen taken, in building the house, to 
lay a damp-proof course, the evil effects are excessive. 
When there are eaves -troughs at all they are in many 
cases so naiTow that either the rain-water of the 
slighter showers falls short of them, or that of the 
heavier showers overleaps them at their lower enda 
and for some distance upwards. They are in many 
■^ases no more than 3 in. in width. Tliey should be 
■5 in. The edges of the trough should be fixed at the. 
upper end level with the edge of the eaves, and an 
ijich or so withui that edge aU along the trough, so as 
to catch the slighter showers which drop sheer down. 
It is chiefly towards the lower end of the trough 
where the water runs over the edges, and besides being 
caused by the trough being too nari'ow in many cases, 
another, and a frequent cause, is the want of hopper- 
heads to the down pipes. We see a small bole cut in the 
bottom of the eaves-trough, and the down-pipe joined 
immediately to the trough. The mouth of the pipe is 
too small to admit the quantity of waler due to the 
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cftpaoity of the pipe itself. The full quantity of water 
that a pipe of given size ia capable of convej-ing cannot 
enter it tlivough a mouth of its own diameter merely, 
and it is necessary to enlarge the mouth of the pipe. 
This ia done in the case of eaves -troughs by a separate 
wider piece, called a hopper-head. But where there 
are no eaves troughs at all we may see by a rough cal- 
culation how much water is poured down at the foot of 
a house-wall. If we take each slope of the roof of an 
average house to be 180 square ft., a rainfall of one- 
thii'd of an inch in an hour amounts to more than thirty 
gallons in that time, poured down along the foot of the 
wall. And it sliould be noticed tliat the surface of the 
ground about house walls in rural districts is usually 
not so evenly flagged, or otherwise paved, as it is in 
towns, and therefore that the water does not so quickly 
run off, but lodges about the foundations to a much 
greater extent, and is absorbed by the walls and given 
off inside the house in vapour. This is especially so 
with stone walls. In hilly districts we sometimes find 
the surface of the ground at the back of a house 
several feet above the Hoor level, and no space left 
between the wall and the earth. Water falling from 
the roof in such a case makes the house tmfit to live in. 
Everj-tliing put against or near the wall soon becomes 
mouldy, and it is first dragged further away, but for 
want of suf&cient room it is soon jmt back again, and 
the consequence is that rheumatism and other diseases 
take hold of the inhabitants, and illness and inability 
to work ensue. 

The remedy in a case of this kind is to cut down 
the earth at the back and leave a clew: a^pate cl ^ -^^x^ 
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or so between the wall and the earth. One foot below 
the floor level is a sufficient depth generally. It is 
easy to see how such cases have arisen ; the retaining 
wall necessary to be built to keep up the earth has 
been made use of as the back wall of the house. 



§ VII.— STORAGE OF RAIN-WATER FROM 
HOUSE-ROOFS. 

The rain-watei' fftlling upoii the roofs of most houses 
of considerable sine is caught and stored for use, 
thereby avoiding, to some extent, dampness of the 
foundations and other inconveniences. It is in tho 
smaller liouses we find this provision mostly neglected. 
Measurements of the areas of some tliousands of 
house-roofs show an average roof area of about 360 
square feet per house. An average rainfall of 30 
inches per annum is not unusual, and if we reduce 
this to 24 inches we could probably collect most of 
that in tanks, for upon so steep a surface nearly all 
would run oflf; but allowing 6 inches in depth for 
evaporation, there would be left 18 inches in depth 
available foi" storage, which would amount to 540 cubic 
feet, or 3375 gallons in the j'ear, which would yield a. 
daily average supply of 9 gallons to the house. K all 
the rain-water ia to be stored and used gradually and 
equably day by day, tlie cajiacity of the tank should 
be from about 1000 gallons in the western counties 
to about 2000 gallons in the eastern counties, but the 
rules of storage capacity applicable to water-works 
reservoirs do not apply in this case, because, in small 
houses, it is impossible to limit the quantity daily 
drawn out of the tank (although that is quite practi- 
cable in the case of a mansion), and if the proper 
average daily quantity be exceeded it throws otiS. «k^ 
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calculntion which might he made oa the basis of a 
giveii daily quantity to be used. If the tank he mnde 
to hohl 1000 gallons, it will be of reasonably sufficient 
size for one house, and this would be contained in a 
space 6 ft. square and 4J ft. deep, or in one 5 ft. 
square and 6^ ft. deep. But, perhaps, the cheapest 
tank that can be made is a well. A circular well may 
be sunk, 5 ft. diameter, to a depth of 15 ft., and if the 
groiuid be a stiff retentive clay to tliat depth, a trial 
liole should he dug in the bottom to the depth of a 
foot or 18 mcliea to ascertain that the clay continues 
to tt sufficient depth below the bottom of the well, the 
hole being carefully filled in again with puddled clay. 
The well may then be lined with half- hiick work in 
hydraidic lime mortal', leaving a clear diameter of 4 ft. 
3 in. If the bricks be laid dry the water will pass 
through the joints to the clay at the back and dissolve 
it, and part of it will be washed into the well as the 
water-surface lowers; and if the moi-tar be made of 
other than hydraulic lime it will be dissolved. "Where 
the ground is porous this lining could not be depended 
upon to be sufficiently water-tight. In that case the 
brick lining should he of radiated bricks, with close 
vertical joints, and backed with puddled clay, 8 or 9 
inches in thickness. Instead of clay a common kind of 
asphalt may be used, composed of gas tar and any 
non-porous dry material screened through g in. 
meshes, and worked in the manner already described 
for dry cesspits (see § III.), both floor and backing 
of walls. The tiiickness of this need not be more than 
an inch, but care shoiild be taken that it is not less 
in any part than J an inch. In this case the radiated 
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well bricks should also be laid with hydraulic moiiar 
or with cement. 

Another method is to use no bricks at all, but to 
render the sides of the excavation with Portland ce- 
ment in three coats, the full thickness of the cement 
being not less than an inch. In this case it is very 
necessary that the sides be ti'immed down to an exact 
circle. It has been objected to this method that the 
ground water may rise outside the tank above the level 
of the water within it, and, by its hydi'ostatic pressure, 
burst off the cement lining. This would probably be 
so if care were not taken to make the excavation cir- 
cular ; but that being done, and there being neces- 
sarily an equal external pressure all round the well, 
the cement ring would be put under a compression 
not gi'eater, in all probability, than it could withstand. 
If it be desii'ed to have a brick lining, and to coat the 
face of that with cement, the bricks should be laid dry, 
to prevent settlement of mortar joints. 

A well of the small diameter above stated may 
easily be covered with stone flags, or cast-iron plates, 
or it may be domed over. It is necessary to leave an 
air-hole in the cover, and to protect it with a hood so 
that it cannot be reached for mischief. 

Fig. 17 shows a section and Fig. 18 a plan of a rain- 
water tank of this kind. The leaves and other things 
which are brought down by the rain-water from the 
eaves troughs should be intercepted before they reach 
the well. This is done by placing a copper wire gauze 
screen across a small receptacle in which the deposit 
takes place, and from which it is removed from time to 
time and the gauze screen washed. 
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house. This also affords facility for filtering the 
iviiter. When the ground -water contains certain mi- 
neral properties, some persons find it disagree with 
tlieir Leiillh, and are glad to drink filtered rain-water. 

The ordinary sand-filter, such as is in use on the 
hirge Bcide, cannot well he adapted to filtration on tlie 
sraali scale of the necessities of one small house. The 
area of a filter-hed is usually on the scale of about 
one-third of a square foot per head of the population, 
hut we cannot make a filter for one house on the same 
scale, unless it be a mansion, or large house. In a 
general filter-bed tlie action is continuous, minute by 
minute, although the water is suddenly drawn from the 
mains in quantities of several gallons at intervals of an 
hour or two, taking house by house throughout a dis- 
biet. It is this intennittent action which makes the 
difference between the two cases. A general filter bed 
yields about 75 gallons of water m 24 hours per 
square foot of its area, bnt for the reasons stated we 
cannot reckon tlie size of a sand filter for one house 
on that scale. We frequently require to di'aw foni- or 
five gallons, or more, in a. minute, and to obtain this 
quantity through a sand filter at tlie ordinaiy speed of 
descent would require a much larger area than would 
be practicable or convenient. 

The pui'ification of water passing through any filter- 
bed takes place by reason of two separate actions npon 
it, first by straining out of it the solid mattei' in sus- 
pension, and secondly by bringing the oxygen of the 
atmosphere to act upon it so as to change any decaj-ing 
oi^anie matter which it may contain in solution into 
iuoi^anic and haimless substances. The best filtering 
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medium, therefore, is that wliich at once exclutles from 
its pores suspended solid particles and exposes the 
dissolved organic matter to the lurgest possible amount 
of atmospheric air. Fine sand, by reason of its hea- 
viness, lies too compactly in its body to comply with 
the latter requirement, while in its sui'face it is too 
Xiorous to exclude nil suspended matter. On the large 
scale this is of no practical inconvenience, because, 
altliough the solid matter may not be altogether 
arrested on the surface, but may peneti-ate the sand to 
the depth of an inch or two, it is easily removed bj- a 
regular attention, but the case of a small houseliold 
filter is quite different; here no such regular attention 
is given, or could practically be given, to remove the 
solid material and replace it from time to time with 
fresh material. Some substance, therefore, must be 
used which is closer in its textm-e on tlie surface and 
more open in its body than a sand-bed is. Charcoal 
is a very porous substance, but the difficulty is to make 
the water pass tlirough the pores ; for when the char- 
coal is in the form of lumps, however small, the water 
passes through amongst the interstices of the lumps or 
granules, and not thi-ough theii' pores, thus coating 
the surface sf each lump or gi'anule with the impurities 
of the water, and for a time, therefore, depriving tha 
water of them, but afterwards allowing it to pass 
through mipurified, aud even, after fuilher use, giving 
off to it pttit of the accumulated impurities of the 
water which had previously passed tlu'ough. Tliis 
was found to be the result of passing water tlirough a 
thickness of five inches of animal charcoal of a degree 
of fineness similar to that used in sugar refineries, 
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according to a paper read at tlie Institution of Civil 
Engineevs, in 1867, by Mr. Edwai-d Byrne. Tlie ex- 
periments Mr. BjTne made were not considered con- 
clusive of the case, for there seemed to have been some 
peculiar property in the water ; but, however that may 
have been, the experiments certainly did show that, 
after a cei-tain quantity of water had passed through 
the filter, the remainder was in worse condition after 
than before it passed through, 

In the discussion of this paper. Dr. Letheby said 
that a cubic foot of animal charcoal, weighing from 
50 to 52 lbs., held witliin its pores four gallons of 
water, and that he had found by experiment that it 
was necessary that the water, to be purified, should 
remain in contact witli the charcoal for at least one 
minute. In Mr. Bj-me'a expeiiments the time had 
been two and a half minutes. It was stated that the 
rate of filtration thi'ough the filters of the Water Puri- 
^ng Company is 400 gallons a day, through a filter 
containing 80 lbs. of charcoal. 

Dr. Frankland said he had passed some of the Lon- 
don water through a stratum of animal chai'coal, three 
feet thick, at the rate of more than 41,000 gallons per 
squai'e foot in 24 hours, under a head of SO feet. The 
charcoal was in gi'anules, like coarse sawdust, and in 
the above-named instance more tlian one-half of the 
organic matter in the water was removed ; and, on redu- 
cing the rate of passage of the water to one-haJf, one- 
fourth, or one-tenth, the proportion removed was 
scarcely increased. It appeared, from experiments, 
that wood or other vegetable charcoal is inert in its 
action on organic matter in water. 
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Animal charcoal appears to have been applied to 
the filtration of water with some success by Mr. Atkins, 
of Fleet Street. The charcoal is reduced to powder 
and mixed with powdered vegetable and combustible 
matter ; and the combined powder is mixed with liquid 
pitch, and the mixture worked up and moulded into 
plates or blocks of any form. By thus moulding the 
charcoal into blocks, it is at once put into a convenient 
and portable form ; and the mud arrested on the sur- 
face is scraped ofi", after the plate, or frame of plates, 
or the block, has been removed from the water. For 
continuous use, a duplicate set is required ; as, indeed, 
is the case in any method of filtration. A useful 
thing for catching the rainwater of the roof in a clear 
state, is Buck's " Separator," inserted in the vertical 
rainwater pipe. The first run of water, bringing with 
it soot and dirt of various kinds fi*om the roof and 
gutters, is made to pass in one direction to the drain, 
while the succeeding run of water, much clearer, passes 
in another direction, and may be caught for use. 

When, however, as indeed often happens, a mansion 
or large house is without a suflBcient supply of water, 
a very useful quantity may be obtained from the roofs. 
A much larger roof-area, in prox)ortion to the number 
of persons living under it, exists in such cases as this 
than in small houses. If we take a large number of small 
houses, we find the average number of persons per 
house to be, say, five, and we find the average roof-area 
to be, say, 360 square feet, or it may be in some cases 
that the average is 400 square feet, or 80 square feet 
per head of population ; but, in the case of a mansion, 
the comparative roof-area is much larger, even when 
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the visitors are included. It is often as much as 200 
square feet for each person; and, taking 18 inches 
as the available depth of rain-water in an average year, 
the quantity would be 1875 gallons per head in the 
year, or, when regulated, 36 gallons per head per 
week. It is better, in this case, to reckon the quantity 
per week ; because, in order to regulate the quantity, 
a service cistern must be constructed, to be filled by, 
say, the chief servant of the household periodicall}'. 
If the quantity used during a week were equable, day 
by day, it would be sufficient to make a small cistern 
to hold one day's supply, and that it should be filled 
from the storage tank once a day ; but, as on some days 
of the week much more water is used than on others, 
it is better to make the service-cistern to hold a week's 
supply. Without some regulation of this kind, there 
would be no certainty of the storage lasting over a 
drought ; and it is because this regulation cannot be 
practically and generally maintained in small houses, 
that the rule of storage capacity of reservoirs cannot 
be applied. When the water can be regulated, say 
weekly, the capacity of the storage tank may be 120 
days' (average) supply, in the western counties ; and 
may vary from that capacity to twice as much in the 
eastern counties. 



§ VIII.— CONTAMINATION OF "WELL- 
WATER. 

The sources of contonimfttion of well-water are: — 
(1), privy cesspools wMeli ai'e not water-tight, and 
from which rain-water is not excluded ; ('2), soaknga 
of tlie top-water into the ground and thence into the 
wells, conveying with it refuse matter from the surface ; 
(3), house -drains which lie near the well, and which 
allow the house-slops to percolate through the joints 
into the suiTouuding ground, from which they gi-ad- 
nally soak into the well ; and (4), unless the drain 
consists of pipes closely jointed, rats ai-e a frequent 

I cause of contamination of wells near which house- 

di"ains lie ; for rats seem to have a peculiar instinct in 

I finding their way tlu'ough the gi-ound direct to water, 

and, although the water in the well may he out of their 
reach, it is possihle tliat in their eflbrts to reach it 
some of them drop in ; hut, even if that should not be 
so, refuse liquids may find their way through the holea 
they make from the drain to the well. 

There ai'e three kinds of wells : — (1), pump-wells, 
(2), draw-wells, and (3), dipping-wells, and the above- 
named forms of contamination are common to them 
all ; but a draw-well is liable to contamination of 
another kind. The cover is necessarily moveable, and 
is usually on the same level as the surface of the 
ground. The cover is often left open, and small 
animals, such as dogs, cats, and rats, sometimes fall 
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ill ; nntl, the oceun-euce being unknown, the aniuiala 
decay tiiere and contaminate tlie water, the cause of 
the consequent illness of tlie pei-gona who di'ink tlie 
water being probably undiscovered. 

Unless wells be provided witli piunpa, the nm or 
edge-cui'bing should be raised above the surface of Uie 
ground, and a step or two made for persons to ascend 
to draw the water. 

Dipping-wella are also subject to contamination 
fi'om other sources. The cans, buckets, and paila 
used ai-e set down in dirty places about the house, and 
the dirt is caiTied to the well and washed off in the act 
of dipping. Also, every time anything is dipped into 
the water, it is stirred up and muddied for the nest 
person who comes. Another source of pollution of an 
open well-hole is the mischief of children, and where 
the situation is public this cannot be prevented. A 
dipping-well the water of which is used for domestic 
purposes, ought not to be allowed to exist. Every 
opening should be completely closed, except one for 
ventilation, which should he protected by a hood, so 
that it cannot be reached, and another for the over- 
flow of water, which should likewise be shielded ; and 
the water should be procured by means of a pump. 
These dipping- we Us are weak springs, and as the over- 
flow of water may probably be frequent, a cattle -trough 
may be so placed as to receive the overflow : in public 
places this is of gi'eat use. The pump should be 
wholly enclosed within the well, and a horizontal shaft 
or spindle should traverse the well from wall to wall, 
carrying upon it an arm to work the pump-bucket, 
having only its end projecting through the wall, upon 
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irhicli is fitted a simple lever or handle 18 iuches 
or 80 in length. Being wholly enclosed or biicked up, 
the pump barrel should be Uned with brass or gun 
metal, and truly bored out, and, indeed, well and truly 
fitted in every respect, so as to prevent the need of 
frequent repairs, which is a too common need of many 
pumpa. 

Fig 20. Tig. 21. 




Tigs. 20, 21, and 22, show respectively a Bectioo, 
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an elevation, and a plan of such an enclosed pmnp, the 
'handle alone being outside the brickwork. Under the 
spout is a dog-trough, 24 in. X 12 in. x 4 in., across 
the middle of which are two iron bai^s, upon which the 
bucket or pail is set. At one end of the trough there 
is a lip, an inch below the edges of the trough, over 
which the surplus water flows into the drain, through 
a small grating., The pump, and the shoot or spout, 
are of cast-iron ; the working baiTel lined with brass, 
and the foot-valve is also of brass. It is important 
that this valve should be well fitted, because of the 
small head of water upon it to keep it tight. Two lugs 
are cast upon the pump barrel, one near the top and 
the other near the bottom, which are bolted to two 
cross pieces of wood, built into the brickwork, to hold 
the pump steady. 

These pumps are made at a cost of about 508. each, 
and the rest of the work costs about the same. As to 
the trough, it should be a shallow one, to hold about 3 
or 4 inches depth of water only, for if it be made deep 
enough to dip into, the children who are sent for water 
for the household — and it is children mostly who fetch 
the water under the circumstances now under consi- 
deration — would fill their pails with the contaminated 
water of the trough, after the well-water is exhausted, 
which is a very common occurrence in dry weather. 

Weak springs, as many of these are, although the 
water may be of good quality, yield but a very in- 
adequate quantity for the number of persons resorting 
to them. While they remain open dipping-places, 
persons who come to fetch water, and see the deptli 
insufficient to dip into, wait (sometimes for alongtime\ 
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occupier of the premises to which the well, tank, or 
cistern belongs, if it be private, or in the case of a 
pubUc well, tank, cistern or pump, any person alleged 
in the application to be interested in the same ; and 
may either dismiss the application or may make an 
order directing the well, tank, cistern, or pump, to be 
permanently or temporarily closed, or the water to be 
used for certain purposes only, or such other order as 
may seem to them to be requisite to prevent injury to 
the health of persons drinking the water." 

The court may order the water to be analysed, and 
if the person on whom an order is made fails to com- 
ply with the same, the court may, on the application 
of the local authority, authorise them to do whatever 
may be necessary in the execution of the order, and 
expenses may be recovered from the person on whom 
the order is made. 
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PART II. 
DEAINAQE. 



§ IX.— HOUSE -DRAINS AND SEWERS. 

DeJinitio)i. — Drains and Sewera are Bometimes 
Bpoken of indiscriminately, but it is neceaaaiy, for 
convenience sake, to make a distinction. Again, 
house-drains and land -drains ai'e distinct in their 
functions, the one draining suif ace- water and the 
other ground-water. Wo define a house-drain to 
be a channel (whether open or covered) whicli con- 
veys away from a house, or from a few houses, 
the refuse liquids, together with such solid matter 
as may be in suspension and solution in them ; 
and a sewer to be a channel (whether open or 
covered) which receives the contents of two or more 
house-drains; a main sewer, one which receives the 
contents of two or more other (subsidiai'y) sewers; 
and a trunk or outfall sewer, one which receives the 
contents of all otlier sewers belonging to the same 
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Scu-era may act as land drains. — ^A sewer may, 
by constructing it iii a ceitain maoner, be made 
to admit ground -water ; and, iu argument wliether 
a sewer sUould be made to remove the ivetness of 
gi'oimd through which it may be laid, the subject 
may be ni'gued on the under standin ft that a sewer, 
made in a certain manner, will act aa a drain, wliile, if 
made in a certain other manner, it will be impervious, 
and therefore not a drain-sewer. It is a question to 
be determined rather by the doctor than by the en- 
gineer wliether the dampness of ground under and near 
dweUing-houses should be removed: if so, the only 
question for tlie consideration of tlie engineer is how 
far the drainage of the ground may assume the form of 
a run of water sufficiently quick to can-y with it fine 
paiiicles of earth or sand into the sewer, and so induce 
a settlement of the ground and consequent danger to 
the stability of hnildmgs. In merely damp gi-ound 
this would not occur, and it is in this kind of ground 
where the method seems most beneficial. 

"When the sewage (sewage being that which flows 
through drains and sewers, whatever it may consist of,) 
of several houses belonging to different owners is 
brought into one drain, before it enters a sewer, thia 
drain is a main drain, as when, by agreement between 
owners of adjoining houses, one drain, laid along the 
backs of their respective houses, drains them all before 
it debouches at the lowennost into a sewer. 

Another method of distinction ia that ilrains are 
tliose channels which belong to houses as private 
property, witliout reference to the number of houses 
drained by each, and tlint sewers are such channels as 



HOUSE-DKAIXS AND SEWEHS. 73 

belong to tlie public. Practically, the results of the 
two methods coincide ia most cases. 

Old Wat<n--cmirges. — In Hural Sanitary Districts 
perplexing questions arise as to whose duty it is 
to repair, alt«r, or amend certain watercourses into 
which house-sewage and road-water have been turned 
from time to time, and which lie througli private 
lands. These were originally, no doubt, the natural 
outlets of the rainfall, and, as such, belonged to 
the owners of the adjoining laud, each one having 
the use of it as far as bis land extended, and being 
responsible for its condition. So long as that 
which came into such a water-course was rain-water 
only, all that was necessary was to provide for its 
passage, without reference to the form of the channel ; 
but when houses have been hmlt witliin the watershed 
of such a channel, the sewage has been from time to 
time turned into it by house-owners who have had no 
original rights in the land adjoining it. This has 
come about in the following manner :—Eoads have 
been foimed in a direction across tliis original water- 
course, the road ditches having their outlet into it. 
Houses have been built adjoining the road. The open 
ditches having been found to be inconvenient, a culvert 
has been laid to carry off the road-water, and the 
ditches have been filled up. This has been done 
either in whole by the parish vestry or in parts by the 
houae-owners as far as their respective frontages have 
extended, the parish authority completing the culvert 
in other parts. Then, from time to time, the house- 
sewage has been turned into these culverts, and so the 
main watercom'se has become an open aewCT, \is,ii^ ^s^ 
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the public ; but itn foi'in is such that the sewage loflgt 
iu it anit becomea a nuisance. Presently the sanitaiy 
authority is appointed, and it is desired that the 
nuisance shall be done awny with. The question then 
arises — la this a public sewer ? for if so, the sanitary 
authority ought to amend its form bo that the sewage 
may be properly carried oif. 

The usual remedy, and an effectual one, for a case 
of this kind, is to lay an intercepting sewer for the 
house-sewage, taking it along such pubhc roads as 
may be practicable and convenient, and through pri- 
vate lands where it may he necessaiy, under the \ 
powei-s of the Act, It is one of the principles of | 
sewerage that natural watercoui'ses should not be 
converted into sewers, but should be left to perform 
their proper function of carrying ofT rain-water, and 
especially storm-waters. Such an intercepting sewer 
is, of course, laid by the sanitary authority. 

There are cases, however, where the area of ground 
naturally draining into a watercourse of this kind is 
small, which may be treated as exceptions to tlie 
iide, and where such a watercoiu'se may be continued 
to be used as a main sewer, either covered or open, or 
covered iu some parts of its coui-se and open in otbera. 

In such a case, where the gi'oimd is very steep, and 
where floods have formerly torn up the bottom of tha. 
old water-course and brought down the sides, but 
where, nevertheless, there would liave been great diffi- 
culty in canying the sewage ui another direction by an. 
intercepting sewer, I have deemed it advisable to alloir 
the old watercourse to coutuiue to be used as a sewer* 
To prevent sewage lodging in the rough bottom of th» ■ 
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old watercourse, I have laid in a brick iiiveii, on con- 
crete, as shown in figs. 23 and 24. To check the too 
great rush of water in flood times I have formed the 
bottom in steps, as shown. 

In steep ground, such as this, a covered sewer is 
almost like a flue, up which the gases ascend rapidly 
from the lower levels, and blow out at any opening 
there may be, and in this case the lower end of the 
sewer is covered, and is in communication with other 
sewers at lower levels, so that in the part now under 
notice, and where it was not absolutely necessary to 

Fig. 23. 
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cover it, it has been left wholly open, thereby break- 
ing the connection of the covered sewers at the lower 
levels with those at the higher levels. 

House drains everywhere necessaiy, — The necessi- 
ties of urban and rural sanitary districts are different 
in degree but not in kind, and it is the degree that 
is the important thing to be considered in eack 
rui*al sanitaiy district, according to Wv^ ^evi^-sJc^ <2ll 
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popnlntion and other circumstances. Thia question 
of (legi-ee, however, applies to works of combination, 
such as sewers, and not to individual works, such 
as liouse drains. Every house in a rm'al sanitary 
district requu-es a cbain to cany off the house-slops, 
ns well as every house in a town; hut the sewago 
may in some eases be satisfactorily disposed of without 
any system of sewers, where the houses are widely 
separated fi^om each other. 

Properties of a sewage fiow. — The properties of a 
sewage flow are {1} its viscidity ; (2) its velocity, which 
depends upon two subsidiary properties, viz., the 
hydrauhc mean depth of the stream and its incHna- 
tion ; and (3) the scouiing action of the sti-eam upon 
the bottom of the chaimel. 

In respect of the first of these we may take it to 
be the same as that of water. 

In respect of the second property, if the cross 
sectional area of a stream be divided by the width 
of its cross section, measui-ed along its bed, the result 
is the hydi'auhc mean depth ; and the greater this 
depth the greater is the velocity, if the inclination 
remains the same. 

Velocity of a sewage fiow. — The flow of a liquid is 
influenced by the friction between it and the channel 
through which it runs, and it is retarded, more or 
less, accordingly as the extent of tlie surface of the 
channel with which it flows ui contact is great or 
small, in relation to the quantity of liquid flowing 
thi'ough the chamiel. The quantity of liquid dis- 
charged by any channel of given size, as a pipe of 
given diameter, is the result of the sectional area 
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of the Btream multiplied into its velocity. It is de- 
sirable tlint the Telocity of the sewage should be 
considerable. In circular i^ipes the least extent of 
surface is offered, in relation to the quantity dis- 
charged, and tlierefore the least obstruction to the 
flow of sewage, when the sewage half fills the pipe, 
in all cases within the limits of practice. 

Solid deposit. — The third property is necessary to be 
considered so that stoppages of tlie sewer or drain may 
not take place from the accumulation of solid matter. 
In Beardniore's " Hydraulic Tables" it is stated that 

30 feet per miiiuto H"ill nut liistiirb clay with winJ nnJ stoues, 

iO „ will isneeii uloDg caarsQ auud. 

00 ,, ,, finBgravel. 

120 ., „ rounded pebbles. 

ISO „ „ aiiyuhr «tuiies. 

These, except the first, coincide witli Du Euat's 
experiments, 

In Eankine's " Manual of Civil Engineering" are 
stated, not the velocities which will move solid matter 
along, but the gi-eatest velocities of the current close 
to the bed consistent with its stability ; thus — 

Soft clay 0-25 feet per second. 

Fine Bfind 0'50 

Coarse edqiI and giaYel na large as peaa . 0'70 

Gravel as large as French beans . . 1 '00 

QritTel 1 inch diameter . . . 2'25 

Pebbles IJ Inot dlEiiuotcr , . 3'33 

Heavy Bliinglo 4'00 

Mr. Neville gives the following in the third edition of 
his " Hydrauhc Tables, Co-efficients, and Formulte," 
recently issued by the publishers of this wovk. 
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Speaking of rivers, he says (p. 258), " The meftn 
velocity must not be too quick, and should he so deter- 
mined fi9 to suit the tenacity and resistance of the 
channel, otherwise the bed and banks will chiinge 
continually, unless artificially protected ; it should not 
exceed 

25 feet Jier minute in soft alluvial deposits. 
40 „ clayey beijs. 

60 ,, sftudy and silty bads. 

120 ,, Bravellj. 

ISO ,, strong gnivellj ahii> 'In, 

240 „ slibgly/' 

Although in the regimen of rivers it is an object to 
restrict the velocity so that the materials of the bed 
may not be worn away, and in sewers it ia an object 
to increase tlie velocity so that deposit shall be canied 
away, still a useful comparison may be made between 
this table and the others herein given. 

Mr. AVicksteed made some experiments with a 
channel having a semicircular bottom (Du Buat had 
operated on a channel sometimes rectangular and 
sometimes trapezoidal, whose greatest breadth was 
18in., and depth from 3 to 9 in.), and he found that 
with a bottom velocity of 12J in. per second, coarse 
sand, small pebbles, and rounded stones, and pieces of 
brick 2 in. cUameter, were carried along, the lai-ger 
ones moving rapidly and stirring up the sand and 
small stones, which moved slowly. With a velocity of 
21i inches per second iron borings, together with all 
the previous substances, and pieces of brick 3 in. 
across, wei'e caixied along. Li these experiments the 
fall of the surface of the water and the bottom of the 
channel were the same, viz., 1 in 139, 
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Experiments were then made with a level bottom, 
nnd a sufficient supply of water admitted into the 
channel to produce a surface velocity of 32Jin. per 
second, which would indicate a bottom velocity of 
about 20 in., or, according to some authorities, 22 or 
23 in., and with thia velocity, on a level bottom, half 
and three quarter bricks, together with the substances 
before named, were rolled along, turning over and over. 

Surface, inean, and hotloin velocities. — It is difficult 
to measure the bottom velocity in any actual stream, 
and the expeiimeuts of different persons do not show 
any close agreement in the results arrived at, in respect 
of the relation wliich the bottom velocity bears to the 
surface velocity. 

lu Dr. John Eobison's " Mechanical Philosophy " 
it is stated that the differences between the velocities at 
the surface and the velocities at the bottom of streams 
ai'e proportional to the square roots of the velocities 
at the surface. The mean velocity is tlie arithmetical 
mean between the surface aaid bottom velocities. In 
a general way, if unity be taken from the square root 
of the sui-face velocity in inches per second, the square 
of the remainder is the velocity at the bottom, 

Dr. Rankine says that the least velocity, or that of 
the particles in contact with the bed, is about as much 
less than the mean velocity as the greatest velocity is 
gi-eater than the mean, that is, that the least, the mean, 
and the gi'eatest velocities may be taken as beaiing to 
each other nearly the proportions of 3, 4, and 5. 

Mr, Bazalgette stated, in a paper read at tlie Insti- 
tution of Civil Engineers, on the metropolitan main 
dramage, that he had designed the work ao iWv, 'Otie.t>i 
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should be B mean velocity of not less than IJ- mile in 
an hour, when the sewers run lialf full, which is 
132 ft. per minute, or 2*2 ft. per second, the bottom 
velocity of which, according to the above-named ratio, 
would be 99 ft. per minute, or 1'65 ft. per second. 

According to the expeiiments precedently named 
this bottom velocity would " sweep along fine gi-avel," 
or "gravel as large as French beans," or "coarse i 
sand, small pebbles, and rounded stones, and pieces of ^ 
brick 2 in. diameter." I 

From these and from our own observations we may j 
say that the bottom velocity of a sewage stream ought 
never to be less than 18 in. per second, or the mean 
velocity less than 2 ft. per second. With the quick 
fall which may usually be given to house-drains a ' 
mean velocity of 3 ft. per second may easily be 
obtained, if the i)ipea be not made too large. 

Qualities of Iwitse drain and sewer 2>ipes. — One of 
the first requisites of a house-drain or sewer pipe ia 
that it be perfectly circular, and another that it be 
smooth. The kind of clay of which drain -pipes i 
are sometimes made, and the mode of manufacture, i 
ai-e such that during the process they fall out of shape I 
and become non-circular at the ends. Tliis izTegu- 
lai'ity of shape in adjoining pipes in the same drain j 
causes obsti'uctions to the solid matter of the sewage, 
obsti'uctions which are cumulative, and which are not 
found out for a long time after their commencement, 
causing a generally foul state of the drain, and one 
from which large quantities of foul gases are given off, 
which travel upwards along the di'ain to the house. 

There are three Itinds of earthenware pipes m use 
for hoase-drains and sewera. 
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1. " Earthenware " pipes, wMcli ai-e made at many 
briukyards, but of one kind of clay only at each. 
A'ery few of these stand the heat necessary to vitrify 
them thoroughly and yet retain their sliiipe, and they 
cannot he made so smooth inside as is desirable for 
houee-drains and sewers. 

2. Stoneware pipes. These are made of a mixture 
of clays which bum mostly of a hgbt colour, and 
sometimes there is an adraixtm-e of previously burnt 
clays broken up, and other siibstancea, and the mix- 
ture of which they are made will stand great heat in 
burning, while yet the pipes mostly retain their form. 
These pipes can be, and mostly ai-e, glazed with 
common salt duiing the later stages of firing. They 
are usually 2 ft. in length, excluding the socket, which 
isl^in, deep in the 3-in. and4-in. pipes, 1| in. deep in 
the 6-in. pipes, 2 in. deep in the 9-in. and 12-in., and 
2^ in. in the 15-in. pipes. The thickness of the 3-in. 
pipes is usually | in., of the 4-in. pipes ^ in., 6-in. pipes 
^ in., 9-in. pipes J in., 12-in. pipes 1 in., and 15-in. 
pipes 1^ in., and those made by Messrs. Stiff and 
Sons weigh respectively about 12 lbs., 16 lbs., 29 lbs,, 
62 lbs., 86 lbs., and 126 lbs. 

Other pipes are made of fire-clay, and tliese are 
asually thicker than stoneware pipes, except the 
smaller sizes of 3 in. and 4 in., which are the same. 

Wien there may be a special reason for requiring 
gi-eater strength to resist external pressure than tlie 
ordinary stoneware pipes will resist, or than it would be 
prudent to subject them to, fire-clay pipes may bo 
made of any tluckness required ; but stoneware pipes, 
as well as some kinds of earthenware pipes, ■wiiLtfe'a.-ai. 
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conaitlerflble external pressui-e. When lIi-. Eawlinsoii 
Bome years ago read a paper on the drainage of 
towns at the Institution of Civil Engineers, Mr. 
Doulton said he had tried the strength of some pipes 
made by his firm, with the following results. The 
pipes experimented on were two feet long ; each pipe 
was supported at the ends on blocks ; a piece of wood 
twelve inches lung was laid on the middle, and the 
weight was gradually increased until fracture ensued. 
The following were the results : — 


DUmeUr 
of i.i]io. 


TMckness. 


Weigl.t OD 
12 in. square. 


Weight over the entire 
surface of the pijie. 


15 in. 
12 in. 
9 m. 


"h 


%l' T 
C4 3 


toOB. cwts. qra. 
7 1 1 
a 13 2 
B IS 3 


But it would not be pnident to accept these as the | 
Lrealiing weights of all stonewai'e pipes of like diameter | 
and thickness, even of tlie same make, for one or a ' 
few in a great number might fail with very much 
less weight. Moreover, it would be contrary to all 
engineering practice to allow an actual weight even to 
approach any known breaking weight. 

Inclination of house-drains. — There is usually no 
difficulty in giving a sufficient fall to house-drains, if 
the pipes be true in form and evenly laid (and no fall 
whatever wiU compensate for defects in either of these 
respects). A moderate fall, and yet a sufficient one, is 
1 in 60, or 2 in. in 10 ft., for the body of the drain, and 
. 1 in 30 for the branches. 

Sitea of home-drains — The proper size of a sewer 1 

L ft d 
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or dmiu must be determmed upou a consideration of 
the laws of hydraulics, moderated by knowledge de- 
rived from experience. This is necessarj- ; for by 
the former alone we should find that a pipe of 
but two or three inches diameter ia sufficient for 
half a dozen houses, even with the small incUnation 
sometimes given to house drains, but we know by 
expeiience that the diameter should not be less than 
six inches, on grounds distinct from hydrauhc laws. 
But the requisite size of a house drain is often over- 
estimated. A pipe six inches internal diameter is sufti- 
eiently large for the drain of tlie largest house, and it 
is not too lai'ge for the smallest house. A house drain 
frequently has several branches, and each branch may 
be four inches diameter. A 4-in. pipe would indeed be 
sufficiently large for the whole lengtli of the drain in 
respect of its capacity to caiTy off the quantity of 
sewage running from the house, but from the careless- 
ness of persona a solid article — much too large and 
heavy — sometimes gets into the drain, and in a 4-in. 
pipe this fills up too much of the space to allow 
the sewage to pass it. If, then, the obstraction takes 
place at some unknown pai't of the body of the drain 
there is great trouble in fiuding it, but when each in- 
dividual branch is but 3 in. or 4 in. (hameter a solid 
article is more UkeJy to be caught before it gets as fai' 
as the G-in, pipe, and when a stoppage ia caused by 
such an article ita position may generally be ascer- 
tained to be at or near an inlet of the drain, and may 
be removed at once without much searching. If, 
however, it get through the branch, and tlie drain be 
6-iu. tliaraeter, it will probably not obstruct the sewaefe 
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nltogether, but will be graduftlly moved down towards 
the end of tlie drain by tlie occasional flushes of water, 
and will probably be coiiied down to the outfall with- 
out fm-lher inconvenience. 

For tliis reason the body of a house drain should 
not be less than 6 in. diameter, although the branches 
may be 4 ia. 

A concise and useful formula for our present pur- 
pose is that of E j'telwein, given in Tredgold's " Tracts 
on Hydraulics," viz., that the mean velocity per second 
of a stream of water of similai* form to those we ai-e 
now considering is about nine-tenths (more accurately 
ten -elevenths) of a mean propoi-tional between the 
hydraulic mean depth and the fall in two English 
miles, supposing the chaimel to be prolonged so far. 
The mean velocity per second of any such stream may 
therefore be represented generally thus ; — 

h =■ the hydrauUc mean depth, 
/= the fall in two miles, 
and u — the mean velocity sought. 
"When V — -9 ^/TJ, 

or, as it is more convenient to take small quantities 
like these per minute, ti — 54 V '(/ — the mean velo- 
city per minute ; and this velocity multiplied into the 
sectional ai'ea of the stream gives the cubic quantity 
dischai'ged. 

Discharge of a 6-in. pipe. — The velocity in a 6in. 
pipe running half full, and having a fall of 1 in 60, 
would be fully 250 feet per minute, and this multi- 
plied into the sectional area of the stream would give 
a discharge of 24 cubic feet per minute, or 150 gallons. 
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If we take the fall to be 1 in 120, /= 88, and 
9 V hf = a. mean velocity of iietii'ly 3 feet per second, 
or 180 per minute, wliich would give a discliarge of 
fully 100 gallons per minute. 

No household discharges so much sewage as this. 
The velocity, however, will be less than that above 
stated so long as the sewage does not half fill the pipe, 
which it will seldom do in a Gin. pipe, even when it 
drains lialf-a- dozen houses, with a fall of 1 in 60, 
unless tfie rain-water of an unusually large area be 
tui'ned into it, 

The only du-ect rain-water that it is necessoiy to 
turn into a house drain is that falling upon the groiuid 
surface of the back premises of houses. That falling 
upon the roofs may he, and certainly should be, 
caught and stored for use, and sent into the drains 
after use. As to the area of the ground surface of 
the back premises of houses di-ained dii-ecUy into the 
house drains, numerous observations and measure- 
ments show that it sehlom exceeds the area of the 
house roof, and this, as has been before stated, has 
been found by the measui-ement of several thousand 
house-roofs to average about 860 square feet. If we 
say that the direct rainfall to he cai'ried off by the 
house drain as fast as it falls is that due to an area of 
960 square feet, that is rather to ovei^state than un- 
derstate the average area of small houses. 

A house di'ain should carry off as fast as it falls the 
Ri'eatest rainfall from the area draining directly into 
it, together with the gi'eatest quantity of houae-sewage 
that may be discharged at the same time. If we take 
the quantity of watei' resulting irom a depth of rain 
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of 2 ID. ill an lioui' over iiu area of 860 square feet 
aa tile quantity to be carried ofl', the discharge to be 
provided for would be 60 cubic feet in the hour, or 1 
cubic foot per mijiute. But say that dui'ing some 
short part of the hour the quantity might be twice the 
average, or 2 cubic feet per minute. 

Tlie maximum quantity of sewage discharged per 
minute from one house does not exceed 2 cubic feet 
per minute, and that only very rarely. 

If we suppose this to occur at the same time as the 
heavy rainfall above stated, which is not impossible, 
the quantity the drain must be capable of discharging 
is 4 cubic feet per minute per house. 

Referring to the calculated discharge of a 6-in, pipe 
when half full, and with a fall of 1 in 60, viz., 150 
gallons per minute, or 24 cubic feet, we see that 
witli that fall a 6 in. pipe ia sufficient for six houses; 
but how often do we see and hear of owners of house- 
property being advised to lay dowTi 9-in, pipes when 
several houses ai'e to be drained by one drain, and 
sometimes even when only one house is to be di-ained? 
It is quite as easy to fall into the eiTor of laj-ing 
down too hirge a pipe as one too small, and of the 
two that error ia the more often made. 

The few calculations given above are not intended 
to prove anything which is not ah'eady well known to 
those accustomed to this kind of work, for they neither 
make nor require such calculations, but only to prove 
to those who are inclined to lay down pipes of too great 
size that they not only do no good by it, but hann. 

The causes of stoppages of home drains and sewers. — 
Certainly many di'aiu and sewer pipes have become 



1 become j 



norSF.-DKAIXS AND SEWEIIS. 87 

choked with solid sewage, antl the fiiiilt hns been 
mostly attributed to the supposed too small size, 
■whereas the proper reason has more probably been 
that they have been badly laid, badly jointed, or of 
irregular form. As to the form of dmin pipes it has 
already been said that they should be truly circidar. 
As to the laying, sufficient care is often not taken to 
make the bottom of the trench of uniform inclination ; 
and as to the jointing, carelessness in this respect is 
the chief cause of stoppage, 

In very stiff and retentive clay sewage cannot escape 
far away thi-ough bad joints, but it ia certain (from 
actual observations) that wherever the ground is at 
all porous, large quantities of liquid escape thi-ough 
imperfect joints of drain and sewer-pipes. The Hquid 
is the carrier of the solid portions, wliich have a con- 
stant tendency to settle to the bottom of tlie pipe, 
and if the Uquid be insufficient in quantity to cause 
the necessary velocity (that is, if it be allowed to 
escape at the joints), the aohd part of the sewage 
necessarily settles and chokes up the drain. And to 
be convinced of the extreme importance of attention 
to the jointing, it is only necessaiy to consider that 
during all the time this accumulation of sohd sewage 
is taking place the dram is, in fact, a long cesspool, 
one end of which adjoins a dwelling-house, 

When 6 in. pipes have become choked with sohd 
sewage it has often been supposed that that is too 
small a size for a house-drain, and 9 in. or larger pipes 
have been recommended as a remedy, instead of attri- 
buting the fault to its probably true cause — the in- 
efficient jointing of the pipes. But if a drain be so 
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laid that stoppage occurs from acciimulation of solid 
sewage, tlie sooner the stoppage takes place the better, 
for as it takes a longer time to fill a 9 in. than a 6 in. 
pipe with solid matter, so much longer does the forma- 
tion of injui'ioiiB gases continue. In the case of a 
sewer, the conditions are somewhat different, but not 
wholly. The dimensions are necessarily larger, but as 
against this it must be said that there is a more con- 
stant mn of water. 

For a sewer, a 9 in. pipe ia the least size to be 
recommended, increasing to 12 in., and then larger if 
necessaiy, up to 18 in. or 20 in., hut for a larger sewer 
than this, brickwork is often more economical, although 
pipes are sometimes used of a diameter of 30 in. and 
even more ; but they are very awkwai'd to deal with 
satisfactorily. Pipes of moderate size ai-e made 2 ft. 
long, exclusive of the socket, but pipes of large size are 
usually made longer — 2J ft. and 8 ft. — and they are 
very heavy, reijuiiing special tackle to lower them into 
the trench, and when there they are difficult to handle, 
the room the pipelayera have to work in being but 
nan-ow. 

Form of the bottom. — The principle of confining the 
stream of sewage in diy weather to a naiTow space in 
the bottom of a brick sewer of considerable size, as in 
Fig. 25, has sometimes been adopted for pipes, both 
large and small, but this form ia not so good as the 
circular foi-m for small pipes. 

Jointing. — It is the lower portionof the joint, say the 
lower half of the cii'cle, which most requires to be well 
made and i>erfect. The liquid sewage, as-has just been 
^aid, is the carrier of the solid portion, and if it be 
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allowed to escape at tlie joints, the solid part ueces- 
I snrily settles on the bottom of the pipe, and remaiiis 

there mileas flushetl away, wliich may seldom or per- 
haps never occur. 

The joints of house drains and sewer pipes are often 
made with clay, but clay is not a good material for the 
puiTJOse, unless it be well tempered outside the ti-ench 
and made of a consistency so tough as to allow a long 
band of it to be suspended without breaking by its own 
weight. A band being thus made, by taking a lump of 
well-tempered clay and rolling it out on a planed board 
and flattening it out to a width of 1| in., and a thick- 
ness of ^ in,, it is laid round the lower portion of each 
socket, as in Fig. 26, before the spigot end of the nest 
pipe is inserted. A good pipelayer will draw up the 
spigot end of each pipe until it touches the top of the 
socket, and then, when the pipe has been drawn 
"home," mil let it drop veiiieally, and leave no apace J 
between the ends of adjoining pipes. 

Another material is Portland cement, but when this 
is used it is necessary to guard against poiiions getting 
into the interior of the pipe, there setting, and forming 
ugly lumps and obstructions. 

Sometimes a platted band of spun yarn is laid in the 
bottom of the socket, IJ in. wide and J- in. thick, when 
it is intended to leave the upper pai't of the joint open 
to dry the gi'ound ; or if it is intended to make a close 
joint at top as well as bottom, several sti'ands may be 
forced into the socket all round. 

Lai'ge numbers of sewer pipes have been laid without 
the precaution above mentioned, when either clay or 
cement has been used for the jointing inaterial, the 
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spigot ends being inserted into the sockets without a 
proper thickness of jointing material under them to 
prevent the escape of liquid sewage, and to raise the 
spigot end up to the level of the interior of the adjoin- 
ing pipe, 80 that it drops below it and forms an obstme- 
tioJi agaiaist the flow of sewage, catching particles which 
flow with the sewage, and gradually causing an accumu- 
lation of solid matter all along the bottom of the pipe. 
To provide against this a "rest" has been devised, 
fonned on the outer edge of the inside of the socket, 
asiuFigs. 28, 29, the jointing material being laid behind 
it, before the spigot end is inserted, and made con- 
tinuous roimd the lower half of the socket, the upper 
portion being left open when it is intended to drj- the 
gronnd; or, when it is intended to exclude ground 
water, the material may be continued over the upper 
half of the Joint in the usual way. 

The width of the " rest " is 6 in. for pipes of 12 in. 
diameter and upwards, and for the lai'gest pipes 8 in. 
wide. The rest is fonned in one with the pipe in the 
process of manufactui'e. A loose piece would answer 
tlie same purpose if it were sure to be inserted, but in 
practice it would probably seldom be placed in ita 
proper position. 

To ensure that in circular pipes the rest shall always 
be in its proper position at the bottom of the pipe, a 
stud or indicator is formed upon the outside of the 
socket at the crown, diametrically opposite to the 
position of the "rest," so that, lookhig down into the 
trench, when the indicator ai'e seen in line along the 
top of the pipes it may be known for certain that the ■ 
rests are in their proper positions at the bottom. 
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There are other forms of joint which bring up the | 
spigot (tnd to the proper level, such as that devised by i 
Mr. E. C. Cro99, C.E., shewn in Figs. 80, 31, where 
the bottom portion of the pipe on the outside ia made 
Hat, and the bottom portion of the socket joint is 
rebated. i 

Where, as in an outfEdl sewer pipe thi'ough fields, it ' 
is the intention to keep out ground water, as tending 
to increase too much the quantity of sewage, the joint 
devised by Mr. Stanfoi-d is useful, shewn in Figs. 82, 
33, and which is foi'med by casting upon the spigot 
end and in the socket of each pipe, lings of material so 
that when the pipes are put together they fit closely 
into each other all round ; but tliese pipes do not 
aihnit of the gi'oiuid watei- being drained into them 
through the upper portion of the socket. When the 
sewage has to be pumped to a higher level than the 
outfall of the sewers it is proper to keep out all gi'ound 
water, and whether it be pumped or not, if the ground 
is so full of water tliat any large quantity would come 
into the sewers tbi-ough openings in the upper part of 
the joints, the sewers should not be made to act as 
drain sewers; but where the quantity of water ia 
small, and yet sufficient to keep the ground damp, it ia 
advisable to admit it in the manner named, a barrow- 
ful of gi'nvel or other hai'd diy material being placed 
over each socket as in Figs. 26 and 27. 

The general effect of a sewer ia to dry the gi-ound, 

whether it be specially provided for or not, but if it is 

really desired, some proper means of accomplishing it 

sbi'uM be pi'orided, such as tbroMigXi ftie \\\|-?et ^oi-t of 

iJje Joints, mid not letive it to c\v».i.\i:e\ \iiA"-A'C!eh 
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Fig. 32. 




Fig. 33. 
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condition lia^-ing been found, in the course of these 
inq^uiiies, to go along with the coBBumption death-rate I 
to any great extent. 1 

I have introduced these quotations from Mr. Whit- 
aker's paper (which was given in the " Geological | 
Mflgnzine " of November, 1869, and published in sepa- 
rate fomi by Messrs. Trubner & Co.), in support of 
the assertion that the upper part of the joints of sewer- ■ 
pipes should be left open. 

It is necessaiy, however, to point out that these 
openings will not receive any water— or -mil not re- 
ceive much of the water — until the gi'ound below the 
pipes, and up to the level of their middle, has become 
super-saturated; the water then overflows into the 
pipes through tlie openings. This i>oints out that the 
sewers should be laid at a considerable depth, for, if 
not, the water would sink below them and stand at 
some uncertain level, which might be but little below 
tlio sewers, and thus the drying of the ground would 
not be attained, 

Mode of Laying Pipes, — A common way of laying 
pipes, but a very ivrong one, is to lay them down 
upon the bottom of the trench so that the beaiing 
points are the two ends only, the body of the pipe 
being unsupported. Two serioiis defects in the drain 
^ccm' from this. Firstly, the weight squeezes out 
the clay or cement with wliich the joint is made, 
and the spigot- end of one pipe falls below the 
socket-end of the next one, causing an inequality 
of the bottom at every joint; and, secondly, the 
pipes thus lie hollow, being supported at the two 
ends only, and when the trench is filled-in tlie super- 
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incumbent weight has a great teutlency to break them. 
They shoiUd lie solidly all along the body of the pipe 
upon the bottom of the trench, a hole being made to 
I'eceiye each socket. If the bottom of the trench be 
trimmed to an even gradient the pipes ^viil then lie 
concentiically, and the joints can be properly made. 

Refilling the trench.— In refilling the earth into the 
trench the small stuff should be first thrown in, and 
the spaces between the pipe and the sides of the 
trench should be well filled, so as to prevent futm'e 
sulking by leaving hollows mider the sides of the pipes. 

The bottom of the trench having been filled up to 
the middle of the pipe with the most retentive of the 
earth tlirown out, gravel should be thrown in, all 
along the ti'ench, sufficient to cover the sockets of the 
pipes ; but where so much gi-avel is not procui-able 
within reasonable distance, suiBcient at least should 
be procured to block the front of the open sockets and 
prevent dirt faUiug in. 

The remainder of the filliug-hi should be done in 
regular layers of not more than 6 inches in depth, 
and each layer should be well rammed before another 
is thrown in, except when the ground consists of 
gravel or sand, in which case, or in either of them, 
ramming is useless. The best means of consolidating 
dry sand is to wet it, and as to clean gi-avel it will 
settle of itself into its own position. But ground con- 
sisting of clayey gravel or gi'aveily clay is often met 
with, and in such cases ramming is necessaiy. One 
rammer or punner should be employed for every man 
filling in, 

If the ground in which a sewer ia \s,\i toi\w'?te o'i *. 



r 



100 SANlTAnr WORK. 

bed of sand, precaution is necessary to preveiit it 
being canied into the drain or sewer through the 
upper part of the joints of the pipes which may he left 
open, as has been said, and in this case the gravel or 
small stones previously mentioned as to be placed in 
front of the upper part of the socket joints of the pipe, 
should be so placed as to act as a filter to the sand, 
and 80 prevent its entry into the pipe. But if the 
ground be of the nature of a quicksand the joints 
cannot be left open. 

Bad Ground. — The possible existence of a quicksand 
bed at the depth at which it may otherwise be advisable 
to lay a sewer is one of the strongest reasons why nu- 
merous trial holes should be dug to the intended depths 
at intervals along the lines of intended sewers. If the 
sewer be begun and continued with such a gi'adient 
as brings the bottom into a bed of quicksand at some 
higher portion of the work, it must be continued at 
that gi'adient, however difficult and expensive the 
work may be ; but if this had been foreseen it might 
probably have not been difficult to make the gradients 
such as would have avoided the necessity of laying 
the invert of the sewer in such ground. But when- 
ever ground of this kind is met with, stable litter will 
be found useful, to pack in behind the poling boards 
and to diive iii between tljera. 

If, with all precautions of close-timbering and the 
use of stable litter, tow, or cotton waste, the ground 
still rises in the bottom, some special means of car- 
rying off the water, other than by pumping, must be 
adopted ; but no general method can be stated which 
would answer in all cases. A bed of concrete would 
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answer probably in most cases if the movement 
of the water could be prevented, and so prevent 
the lime or cement being washed out before the 
concrete has had time to set. Sheet piling, or 
close planking, has to be resorted to sometimes. In- 
deed the expedients are numerous. They are all ex- 
pensive, and a few yards of such work cost more 
than a great many trial holes. Mr. Reade of Liverpool 
adopted a method which would answer if it would not 
have the effect of carrying away the sand with the 
water, and so either blocking up the waterway or 
carrying the sand clean away to the outfall, the result 
of which would probably be a settlement of the groimd 
near the sewer. The method was to lay in the bot- 
tom half-round pipes with the flat side downwards, 
or, rather, pipes of the form of the letter Q reversed, 
through which the water ran away, the sewer-pipes 
being laid on the backs of these drain-pipes, in saddles, 
the two lines of pipes breaking joint. 

Taper Pipes. — In Shropshu^e taper pipes are made, 
20 inches long, the internal diameter of the larger end 
being slightly greater than the external diameter of the 
smaller end, allowing the small end of one pipe to enter 
the large end of another. I am inclined to think that 
this shape is better than abrupt sockets for steep 
ground, say, where the inclination exceeds about 1 in 30, 
as it often does in hilly ground. The advantage of this 
fonn is that the sewage has a clear drop from the end 
of one pipe into the next one. 

The series of steps thus formed is very useful in 
checking tlie too great rush of sewage where the de- 
scent is continuous. Hitherto these pipes have been 



used chiefly for land-drains. They are made of the 
common clay of the locality, which is of better quality 
for pipes than most other clays with wliieli I am 
acquainted. Socket-pipes, of 6in. and 9in. diameter, 
are made of the same clay, but they are not snlt- 
glazed, and are somewhat rough internally, and some- 
what porous. To remedy this and yet make use of 
local materials, which I think should always be done 
if possible, I have ti'eated them after the manner of 
Dr. Angus Smith's process, dipping them into the 
melted pitch of coal tar. The raw tar may be used 
if tui'pentine be added as a drier, say, half a pint to 
a gallon of tar. The process is not an expensive 
one. 

Dead Ends of Sewers. — In cases where stoppages 
have occuiTed neai' the upper ends of sewers — the 
dead ends, — the quantity of liquid ia often not suffi- 
cient to produce such a velocity of tlie whole sewage 
as will carry along the more sohd pai't, which 
settles gi'adually until it fills the pipe. For this 
reason the sewage of several of the uppermost 
houses on each aide of the sewer, say half a dozen, 
should be collected in one 6 in. pipe before its 
entiy into the sewer, wherever that is practicable. A 
flushing tank is desirable at every dead end of a 
sewer, but where the sewage of some dozen houses 
cannot first be thus collected, it is essentially 
necessaiy, 

One of the chief causes of stoppage of drains 
and sewers in which there ia an insufiicient run of 
water is the fine sand used at public-houses to scour 
the metal pots, and for other purposes. This, being 
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used in large quantities, soon chokes up the trap In 
the back yard or scullery, and the trap is frequently 
removed to save the trouble of emptying it. 

Drains under House-floors. — In rural sanitary dis- 
tricts the drain seldom need be laid under a Jiouse 
floor, but when that is necessary it should be sur- 
rounded with concrete to prevent the possibility of the 
escape of foul air into the house, especially when it lies 
under a boarded floor. 

But by far the best drain under a house floor is a 
cast-iron pipe, the joints of which are caulked and run 
with lead in the same manner as for gas and water 
pipes. The pipes being 9 ft. long, there is only about 
one fourth of the number of joints. 

Junctions of Drains and Sewers. —The junction of a 
house-drain with a sewer, or the junction of a branch 
with the house-drain, should in every case be turned 
in the direction of the flow of sewage in the channel 
with which the j miction is made, and should never 
enter it at right angles. For this purpose junction 
pieces are attached to pipes in an inclined direction, 
into which, when the general direction of the drain or 
branch is required to be at right angles with the 
sewer or the drain, a bend pipe may be inserted, 
which will bring the lead of the pipes into the required 
direction. 

The direction of a drain or sewer, however often it 
may be necessary to change it, should always be in 
straight lines, joined with bend pipes. Straight pipes 
eannot be laid in a curved direction with any proper 
regard to good jointing. 

Short 6?'awcAe«.— Inasmuch as it \b ii^<i^^%^^^ S^^ 
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there should be a trap upon every branch of a di*ain, 
it follows that branches should be as short as possible, 
and to this end the line of the main drain should 
follow the positions of the several traps. This adds a 
little to the length of the main drain, but the preven- 
tion of stagnant air in long branches is thus prevented. 
In the drainage of a quadrangle or wide court, the 
main drain should smToimd the court, so as to come 
within a short distance of every trap, rather than be 
carried across the court the nearest way to the en- 
trance, with long branches to the several traps, as re- 
presented in Fig. 33a, The extra length of drain 
required is well compensated for by the shortness of 
any branch in which stagnant air can accumulate. 
The lines of drain should be those shown by full lines 
on the diagram, and not as shown by the dotted lines. 
The surface drainage of rainwater is in this case in a 
direction away from the centre and towards the sides, 
the centre of the area being for this purpose a little 
elevated. If the centre of the area must be sunk be- 
low the sides, and the rainwater drainage therefore all 
brought to the centre, then one long branch becomes 
necessary, but it is better avoided, by throwing the 
rainwater drainage towards the sides, and into several 
traps instead of into one, and so distributing the bene- 
ficial effect of the flow of rain water. 

In such a case as that represented, there should be 
a ventilating pipe, 5 in. diameter, at each of the places 
marked V, terminating with an open end above the 
roof, but not immediately under any dormer window, 
and not at the same level as the top of the nearest 
chimney if the distance is less than, say, 10 ft. 
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'' Temiinatio7t8 of House- drains. — The pomts np to 1 

which separate braiichea of a house-drain are re- 
quired to be laid are, in general, as follow. The j 

I eellar; the sciillery sinkatone; the lowest pai-t of I 
the j-ard or paved surface about the house, to receive , 
the rain-water or surface -drainage ; the water-closet, | 
if there be one ; and, in large houses, the butler's 
pantry. The drain should be brought up from its 
lower end of such a depth as to allow the extreme end 
of the farthest branch to be not less tlian 2 feet below 
the surface of the ground, the inclination of each 
branch being calculated at 1 in 30. 

Sometimes the drain is can-ied through the scullery 
wall and tennmated under the sinkstone, thus making 
a dhect communication between the interior of the 
house and the drain, whereby the foul gases of the 
drains and sewers ai'e invited into the house ; for 
although a trap may be placed on the end of such 
a branch cham, it will not at all times prevent the 
foul air coming through it into the scullery, and thence 
probably into the house. It is very much better to 
termhiate the drain outside the wall, and place a trap 
upon it there, and to chscharga the sinks tone- water 
into that trap, so that at those times when the foul 
air of tlie di'ains may escape at that point they do so 
in the open air, and ai'e there less injurious than when 
they escape into the house. Very little better than none 
is (or rather was, for people uow see the fallacy of 
it) a "bell ti-ap" at the mouth of a pipe in a sink- 
stone, the other end being inserted into the drain. 
These traps act as traps only when the cover is in 
its place (and very imperfectly even then), and they 



nOUSE-DRAINS AND SEWERS. 107 

SO frequently become choked with tea-leaves and 
grease, that a remedy for this is often found in throw- 
ing away the cover altogether and leaving the end of 
the pipe open. 

As to the kind of trap to be placed outside the wall 
to receive the sinkstone-water, and also for the yard 
gulley, to receive the surface-drainage, there are se- 
veral kinds in common use. 

Iron box-traps are neat in appearance, but they 
are objectionable, inasmuch as that, imless very well 
and carefully set, the foul air of the drain comes up 
through openings left round them between the trap 
and the setting — usually a few bricks in mortar or 
cement : but when properly and closely set they an- 
swer very well. 

The earthenware trap is much better in this respect. 
The spout projects into the socket of the last drain- 
pipe, and it is easier in this case to make the joint 
air-tight. These traps, or yard galleys, are, however, 
often made too deep — to hold too much. The less 
space there is for lodgment of solid matter in a trap 
the better. The only excuse for making a space larger 
than is necessary to form the water-trap is that it 
requires cleaning out so much the less often ; but this 
is of itself an objection. While the matter lies there 
it is decaying and giving oflf foul gases, and it is better 
that it should go to the soil as quickly as possible 
than that it should be retained (imdeodorised and not 
disinfected) in traps for any considerable time. 

The same kind of trap serves for the two positions 
named, and in many situations the same trap serves 
for both purposes, when the surface channel of the 
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I'aving of tlie j'ai^i is laid so as to dimin the surface 
water into the trap, outside the kitchen or sculleiy 
wall, opposite the sinkstone. 

Traps in these positions ore always at the head of a 
drain or branch drain, where there ia no constant run 
of water through them, and the sediment they collect 
must either be Hushed out into the drain with water, 
occasionally, or it must be taken out and disposed of 
on the surface. This consideration really opens two 
wide questions of principle in town drainage — whether, 
that is to say, sedimentary sewage should all be sent 
into the drains and sewers, and thence to the outfall, or 
whether as much of it as possible should be kept out 
of the drains and sewers by being caught in cesspits, 
and removed from them as occasion requires. If we 
go far enough back we should find that formerly sewere 
were of very rough coustmetion, very lai-ge, and of n 
form which did not facilitate tlic passage of sewage 
through them, but rather induced settlement upon the 
bottom, and especially the heavy road detritus washed 
in by rains from broken stone or gravel roads. Catch- 
pits or sti'eet guUeys were made to keep out this heavy 
material. They wore not at first " trapped," but were 
merely for the purpose of catcliing the mud from the 
roads. "When, however, it became a frequent occur- 
rence that people were made ill by the stench from 
these open street guUeys they were trapped. Then, 
when more attention came to be paid to house 
drainage, a similar system was adopted, with this 
difference, that the first consideration was to keep 
back the foul air of the drain by a trap, rather than to 
retain the waste soUd matter of the sewage, but as the 
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foul ftir was trapped by forming a depreasion, which 
was filled with water, it natui'ally collected the solid 
filth and allowed the liquids only to overflow into the 
drain ; and so it is to this day, with many of the fonns 
of traps used. This retention of solid filth in small 
cesspits close to honaea is a nnisance which ought to 
be done away with now that sewers are made of a form 
to carry off what comes into them, and now that house 
drains consist of glazed cii'cular pipes which carry 
forward the solid filth as well as the liquid direct to the 
sewers and to the outfall. 

In a yard guUey, or any trap at the head of a drain 
or branch drain, such as that which receives the refuse 
from the scullery sink, there is no continuous run of 
water through it, and tlie sediment should be flushed 
away frequently, and regularly in point of time. When 
the depression is not too gi'eat this can be done with 
eertamty by taking off the iron grating and throwing 
down a pailful or two of water every day, as a part of 
tlie regular household duties, provided the form of the 
trap-bottom is such as to allow the sediment to be 
readily flushed out. The bottom should be circular 
and the outlet of easy fonn. The flat bottom of a 
" mason's trap " does not allow of tliis easy fius!;ing. 
There are exceptional situations where a flat bottomed 
large trap is the best thing that can be applied, such 
as for a grease trap at a country house where there 
are stables near the house and where rats are numerous, 
which infest any drain into which much gi'ease is 
discharged, for although the di-ain may be of proper 
pipes, well jointed, they come up from the lower end, 
and it is not desirable to promote their life by sending 
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gi-ease into the di-ain for them to feed upon. Other- 
wise, traps should be of such forui as to allow the refuse 
they collect to be flushed out iuto the drniii. In most 
traps at the head of drains and bi-anch drains, openings 
are made for the purpose of cleaning out the sediment. 
Where there is a garden belonging to the house, so 
that the sediment can be dug into the ground, this way 
of emptying the trap is as good as any other, perhaps 
better, but where there is no such garden the sediment 
is difficult to dispose of satisfactorily on the sm-face of 
tlie ground. It is to be obsen-ed that the sediment 
collected in house drain traps is not heavy, like the 
gritty road detritus in street gidieys, and it may safely 
be washed into the drains and sewers where there are 
no convenient means of dealing with it ou the surface ; 
and as the drains are made purposely to carrj' off the 
sewage they should be put to their proper use, and the 
I'etention of filth in small ces^its near houses should 
be done away with. It is important to have a good 
supply of water, for this as well as for other purposes, 
but if the supply is not so good as it should be, in 
point of quantity, there yet need be no hesitation in 
getting rid of the guUey sediment in this way by 
throwhig into the traps the ordinary waste water of 
the house, and properly flushing them out once a week. 
The best thing for flushing the trap at the head of a 
drain or branch di-ain is a Field's or a Shone's flush-tank. 
The flush-tank is sometimes used as a trap, the refuse 
of the sculleiy sinkstone passing into it, but this is bail 
economy; it is of the wi'ong form for a trap; its proper 
use is to be placed on one side, and so that the long leg 
^o^^^vphoi^ip^is^aiEe^nto^h^raope^an^^^ 
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I Disconnccting-Trajis, or Interceptiug-Traps. — The 
■ usual size of a house drain is 6 in, diameter, with 4 in, 
branches. The sectional area of a 6 in. pipe is 28 
square inches, of which one tenth pnit is but seldom 
occupied by sewage, nine tenths or more being at most 
times occupied hy au'. This air space of the drain is, 
at its lower end, in communication with the sewer. A 
good deal has been said upon tlie necessity of placing 
a trap in the drain to prevent the sewer air approach- 
ing the house. If there is an infectious disease in a 
liouse the infection may, it is saidj pass down the 
drain of that house and up the drain of another one 
connected with the same sewer, and therefore tlie air 
of the sewer should be separated from that of the house 
drain by a trap. The trap, evidently, should be placed 
I at or veiy neai' the sewer, because the air in that part 
I of the drain between them will be stagnant, and there 
should be no stagnant an* iai a house drain. 

But in how many cases can tliis be done, practically ? 
Wliei'e such a trap must necessaiily be placed at a con- 
siderable distance &-om the sewer, and in fact much 
nearer the house than the sewer, this length of ckain 
must contain stagnant air, a fault which no other con- 
sideration can excuse. To lead sewer air up to a house 
and there stop it by a trap in the drain, is contrary to 
one of the fundamental principles of house drainage, 
and perhaps the most impoitant one to be kept in view. 
"Where a disconnectmg or intercepting ti'ap cannot 
be placed much nearer the sewer than the house, 
the air passage should be continuous through a suffi- 
ciently large pipe to the roof, and above it. If tliere 
are water-closets on the upper floors the vei'tical soil 
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pipe may serve the- purpose of preventiug stagnation of 
the air, if it have an open top ; and in otlier cases a 
special ventilating pipe slionld be ei-ected, not less than 
4 in. diameter, but 5 in, is better. As to ventilating 
pipes ill general, ivliat they mostly do is to prevent 
stagnation of the aii' in the drain. Occasionally, or 
even frequently, the air passes pretty sti-ongly upwards, 
but usually verj' gently. The air passes upwards or 
downwards according to one or other of several condi- 
tions, one of which is the rise or fall of the sewage in 
the sewer ; another, the direction of the wind in rela- 
tion to the dii'ection of the line of sewer ; another, 
the temperatui-e of the sewage in the sewer at different 
times of the day, and in different locsilities in the same 
system of sewers. These variable conditions are beyond 
control. What really can be done is to prevent stag- 
nation of the foul air, by which it gathers injurious pro- 
perties from day to day, and ultimately escapes in s 
concentrated form at places where it is most injurious. 
But where a disconnecting trap can be placed at or 
very near the lower end of a house drain, it should he 
so, and an opening made on the npper or house side of 
the trap, and close to it, to admit fresh air from tha 
atmosphere into the drain, the opening being covered 
with an iron gi'ating with plenty of space between tlw 
bars, not merely a few holes, which soon get stopped 
up with dirt. The kind of trap often used for this 
purpose is the dip pipe, or inverted syphon, sometimes, 
called a line trap. Another is Mr. Buclian's foi-m ot 
trap, which has a 2 in. drop into it, and this is in itt- 
favour. Another is Mr. Hellyer's, which is essentially 
tlie same, but hits a 6 in. drop. The cross sectionaf 
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I area of a trap is usually made the same aa that of tha 

I di'aio — a 4 in. trap for a 4 in. drain, 6 in, trap for 6 in. 

drain, &c. ; this is wrong ; and Mr. Hellyer's trap is 

made smaller in the tliroat tlian at tlie ends ; it is a 

matter of experience that the force of water from one 

Jiouse is at most times not sufficient to prevent the 

soHd matter of the sewage settling in the trap. Its 

I sectional area should be less than that of tlie drain, to 

I iusui-e a sufficient velocity through it to prevent its 

I silting up, because while there may be but little depth 

of water in the drain, the tmp must be always full, in 

^the throat, and in ordinary times the quantity of 

sewage coming down the th'ain does not produce a 

Bufficient velocity through a trap of the fuU sectional 

I area, to carry forward the suspended matter flowing 

with the sewage, which consequently lodges in the trap 

] and gradually fills it up. 

The principle of contracting the throat of a ti-ap was 
' fii-st applied to water-closet traps by Mr, William 
■\Vliite, F.S.A., architect, but the forms suitable to 
the two positions are different. The position of the 
disconnecting trap of a house dram requhes that it he 
adapted to its special situation. 

The top or roof of a water ti-ap must be brought 
down below the level at which the water stands. The 
sui'face of standing water is horizontal. When the 
throat of a trap is cu-cular in cross section, at top as 
well as bottom, the sides (of the top) are immersed to a 
greater depth than they need be, for the crown or 
highest point must be brought down below tlie level of 
the stanchng water, and all other parts but the very 
top are immersed to an luinecessary degth, end •ab'vAs.wtV 
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tte passage of the solid matter flowing with the 
sewage, some of wliich floats upon the surface of the 
stream, which is horizontal. The pai-t of the trap 
which dips into the water should be horizontal like- 
wise ; the throat of tlie ti'«p should be, in cross section, 
circular at the bottom aftd horizontal at the top. This 
has been done in the "Quick-motion or Flushing 
trap," shown in Figs. 84, 35, 3C, 37. In the applica- 
tion to watercloset traps the cross section is elliptical, 
as applied by Mr. White, and tliis seems the best form 
for tliiit purpose. In either form the tbi'oat is con- 
tracted to one half of the full sectional ai-ea of the 
drain pipe, but not so much as to oS'er a mechanical 
obstruction to the flow of the sewage. The velocity 
through these traps is twice as much as can take place 
through the ordiuaiy form. The size of disconnecting 
trap made suitable for a 6 in. drain allows the maxi- 
mum quantity of sewage to pass through it without 
backwater during tbe heaviest known fall of rain, that 
is, ^ in. in depth in five minutes. The area allowed 
for one house and its appurtenances is 320 square 
yards. This is much more than the average area ; it 
is equivalent to five houses only ou an acre of ground, 
and is double the average area per house in towns — 
the area, that is, from wliich proceeds the rainwater 
carried ofi' by a house drain. It may then be token 
that this trap, as made for 6 in. drains, is large enough 
to pass the greatest quantity of water coming to it, 
while, on the other hand, it is small enough to compel 
the water and sewage to pass through with a greater 
velocity than it can possibly have when the sectional 
area is the same as that of the drain pipe itself. The 
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head of water needed for this ia not more than 4 in., 
which is always practicable in a house drain, and is 
provided for at the air opening by laying the drain oa 
the lower or sewer side of the aii' opening 4 in. or 5 in. 
lower than on the upper or house side of it. The level 
at which the connection of the dram with the sewer 
must be made is of course fixed and unalterable, but 
there is always a sufScient fall between the two ends of 
the draui to allow of this head being obtained where it 
is wanted. 

The bottom of the air opening is formed in such 
manner as to cause a quick horizontal motion of the 
sewage into and through the ti'ap, thus sluicing away 
the sohd matter, and tins ia facihtated by making the 
top or roof of the thi'oat of the trap horizontal, be- 
cause the depth to which it is immersed is the same 
from side to side of the trap, giving much easier passage 
to any floating matter. 

If the air opening is built of brickwork, founded on 
concrete, say 9 in. x 9 in., 14 in. x 9 in., or 14 in. 
X 14 in., in the clear, according to the depth of the 
dram, the bottom may be formed to the proper shape 
with fine concrete, or of a separate piece of glazed 
earthenware, supphed with the trap. Instead of brick- 
work and a bottom piece of earthenware, tlie whole 
thing may be made ia earthenware, like Mr. Hellyer'a 
ti-ap, with a large pipe cai'ried up to the surface and 
covered with a grating. 

Water-traps in general. — ^Whatever the form of k 
water-trap may be, it consists essentially of a vessel 
full of water, across which, from side to side, is placed 
a diaphragm, or some vertical intercepting part of it, 
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the lower edge of wliich is lionzoiital and dips into the 
water. The extent of the dip seldom, if ever, exceeds 
2 inches, and is more often 1 inch, and even sometimes 
less. The greater dip is intended to offer a complete 
obstruction to the passage of air from one side of the 
diaphragm to the other; but water absorbs gases, 
and in this way they pass through it under the dia- 
phragm and escape on the other side ; and it is now 
understood that no form of water-trap whatever pre- 
vents, at all times, the passage of gases through it. 
The times when it mostly fails to prevent their pas- 
sage are when they are diiven upwards from the drain 
towards its upper end where the ti'ap is situated, and 
there attain an elastic force greater than the atmo- 
sphere on the other side of the ti-ap, when the pres- 
sure acts mechanically to increase the quantity of air 
passing through the trap, which at those times is seen 
(when persons are sufficiently ohseiTant of these 
ohscm'e but dangerous small things) to escape in 
bubbles ; and it is now also well understood that 
means of escape for these foul gases from the drain into 
the atmosphere must be provided in front of the trap. 

Neaidy all inlets to drains at the ground-level are 
near the doors or windows of dwelling-houses, and 
therefore the foul gases should not be allowed to 
escape at those points, nnder our noses, as it were. 

It is necessary to observe that sewage, immediately 
on its entiy into a drain, begins to give off the gases of 
decomposition, and continues to do go until it is buried 
in the soil at the outfall. 

These gases are declaimed by the medical officers to 
be highly injurious to health. It may be, some of 
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them say, that the gases themselves are not injurious 
to health, but only oflfensive to the senses, and that it 
is the specific germs of disease which they convey 
which are to be feared ; but they say again, in expla- 
nation, that even if the gases be not injurious of 
themselves they become practically so by acting as the 
carriers of the germs which are so, and therefore are to 
be prevented coming into dwelling-houses. 

If a water-closet is to be connected with the house 
drain the form of trap belonging to it will be diiSferent 
from those already mentioned, and will depend upon 
the kind of closet apparatus adopted, the simplest 
kind being an earthenware pan with a trap of the kind 
called the syphon-bend, or S pipe> into the upper end 
of which the neck of the pan is inserted, and the lower 
end of the trap is inserted into the socket of the last 
pipe of the branch drain, in the same manner as the 
spout of the yard gulley already described. 

Water-closets. — Many of these pans and traps have 
been fixed without any water supply from cisterns and 
pipes, and in some places with very good results, being 
kept clean by throwing down them the contents of the 
slop-pail, and in addition to that several pailsfuU of 
water daily as a part of the regular household duty. 

The shape of these pans is often objectionable, the 
neck being made directly under and concentrical with 
the rim. 

There is a shape in which the back of the pan is 
vertical, the contraction from the rim to the neck 
being managed in the front and sides of the pan. 

These are more easily kept clean. The pan and 
*rap should be well supported, and firmly bedded on 
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concrete or brickwork, aiid the joints made perfectly 
air-tight. In converting a common privy and cesspool 
into a watercloset, the cesspool is sometimes merely 
filled up with eai-th and the pan and trap set upon that ; 
but the settlement that takes place distm'bs the joints 
and lets the foul air of the drain escape through tliem 
into the closet- 
There are several kinds of water-closet apparatus of 
a more comphcated kind, with various forms of traps. 
The worst kind is the pan-closet, in which a tinned 
iron or copper "pan" works in an iron "receiver." 
The receiver is a cast-iron hox, large enough to allow 
of the motion of the hinged pan, and therefore of con- 
siderable size. The interior of the receiver soon 
becomes coated witli the soil discharged into it from 
the pan, and is a peimanent cause of offensive smell 
in the closet; for a quantity of the foul an- ui the 
receiver is drawn out of it every time the closet is used, 
equal in volume to the contents of the pan ; the action 
being one of those everyday tliuigs which illustrate one 
of the principles of physical science — that two bodies, 
as water and air, cannot occupy the same space at the 
same time. This is the kind of closet appai'atua 
usually recommended by plumbers who have not Lad 
much experience in these things ; and therefore it is 
necessary that owners and occupiers ot houses should 
enquire for themselves into the action and tlie merits 
of these and other tlungs with which dwelling-houses 
are fmiushed by plumbers and other tradesmen, who, 
in some branches of their business, are, no doubt, 
good enough workmen, and understand what they do 
in those branches, but who, as a rule, certainly know 



,_ J 



120 SAxiTAnr wouk. 

very little indeed about the proper construction of 
IV atev- closets and their appendages of cistemsj pipes, 
and vnlves, — -jiidging from what we too often see in 
houses in small towns, 

The motion of the pan, swinging backwards and 
forwards in the receiver, disturbs the equilibriutu 
between the air-pressure in the receiver and the out- 
side, causing at times a partial vacuTim and at other , 
times a plenum of air in the receiver. To remedy 
this a hole is made in the cover, or somewhere near 
the top of the receiver, through which the foul air is 
driven on the descent of tlie pan, and through which . 
air is drawn into the receiver on the ascent of the pan I 
to its position of rest ; thus a constant pumping of ( 
foul air out of the receiver into the closet goes on, J 
unless the further remedy be adopted of attaching » I 
pipe to this hole in the cover of the receiver and j 
leading its other end through the wall into the outer 
air ; and tlie eifect of this is usually spoiled by making 
tlie pipe too small in proportion to its length, and too 
tortuous in its course, so that the obstruction caused 
by the friction due to the velocity with which the air 
must pass through so small a pipe is sufficient to 
prevent the intended motion; for it must be observed 
that the operation is performed quickly, and therefore 
through a small pipe the air must pass with great 
velocity ; but obstruction to the motion of ah- caused 
by friction ngainst the sides of a pipe increases as the 
square of the velocity, divided by the diameter of the; 
pipe, BO that whatever the obstruction to a givea' 
volume of air passing through a given length of 2 in. 
pipe in a given time might be, it would be thirty-two 
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times as muchin al-in.pipe of tlie same length. When 
a small pipe is attached with the intention of venti- 
lating a di'ain or soil pipe the object ia defeated, for the 
reason just stated. The foul air prefers the easier 
passage through the opening of the basin, contending 
with the disturbed motion of the water, which allows it 
to pass by it into the apartment. The putting up of a 
small ventilating pipe is one of those things — and there 
are many — in which a mere meddling is worse than 
doing nothing. 

Better than the pan closet is the form shown in Fig, 
38, with a plug valve and du'ect puU (Jenniuga's), hut 
by doubhng the pipe under the basin the essential re- 
quisite of a straight continuation of the soil pipe up- 
wards is overlooked, or is not possible of accomplish- 
ment, in this form. True, a pipe may be attached to 
the bend under the basin and led away to sei-ve as a 
ventilating pipe, but it must be a small one, and it 
would be altogether an improvement if the trap bend 
were turned round in the direction of the dotted lines 
in the figure, so that a vertical ventilating pipe might 
be continued straight upwards fi'om the soil pipe. The 
desired support of the basin is easily managed in 
another way. 

One of the best forms of watercloset basin — beat 
because simplest and j'et efficient — is fJie "Washout" 
basin (Woodward's), Fig. 39. It is fi-ee from aU com- 
plication of valve or machinery, the form of the basin 
allowing the soil to be washed out into the soil pipe by 
the flush of water. The ordinary hopper or "cottage" 
closet basin has aheady been mentioned. I refer ta 
these thi'ee forms only, because 1 ora. \>e,-Q.\, <jti 'te.io-ia.- 
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mending in these, as in otlier parts of sanitary work, 
simplicity and the avoidance of complications, as much 
as possible, having regard to eiE 




Foul Soil Pipes. — A soil pipe is part of the house 
drain, whatever the angle of its position. Sometimes 
a soil pipe is inclined at an angle of 46° or some other 
angle between the horizontal and vertical positions, 
and this is exti'emely bad construction. \VIien a drain 
pipe is neai-ly horizontal the solid ^art of the sewage is 



carried away in the water, the two going together, but 
when steeply inclined the water runs away from tho 
Boil and leaves it adhering to the inside of the pipe, 
coating the bottom of it, from which injui-ious gases 
arise and attack the upper part or roof of the pipe, and, 
if it is of lead, perforating it after a sufficient length 
of time. A Boil pipe Bhould be truly vertical, and this 
is the usual position, but even a vertical pipe is more 
likely to be fouled than one lying nearly horizontal, so 
that the soil and water pass off together. All the old 
soil pipes I have seen removed have been very foul 
inside, and some of them have been even thickly coated 
with soil, and my own obsei-vations have been con- 
firmed by every plumber I have spoken to on the 
subject. The direction in which the soil is dischai-ged 
into the vertical pipe from the closet basin is sufficient 
to account for this ; it ia not discharged straight down 
the pipe, but across, from the mouth of the branch. 

Considering that every vertical soil pipe should be 
carried up beyond the branch, or branches, however 
many, and terminate with an open end above the roof 
BO as to allow of the passage of air up or down as 
circumstances from time to time demand, in order to 
prevent undue compression, and consequent effort of 
tlie foul air to find a, way of escape, it is inevitable that 
the branches must discharge the soil in a direction 
aci'oss the vertical pipe, but it may immediately be 
directed down the centre of the pipe by means of a 
taper pipe, called a Concentrator, by which the soil 
and liquid which accompany it are coniined to the 
central portion of the pipe, and do not foul the aidas. 
This is shown in Fig. 40. Eelovj iVe Vw^'it -'^\>^e,,'3^ 
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concentrator, and in one piece with it, is a short length 
of vei'tical pipe, of lesa diameter than the main vertical 
pipe, and this guides the flow down the centre of the 
main pipe. The top of the taper pipe ia of the same 
diameter as the soil pipe. At the top and bottom end 
of the concentrator, which is 18 in. in length, are 
flanges by which it is attached to the soil pipe, with 
aii'-tight joints. Before putting it into use many 
expeiiments were made to ascertain the least diameter 
for the short vertical piece of pipe, which is 6 in, long, 
and, using each time 1^ gallon of water to represent 
the water flush of a common closet, it was found to he 
impossible to make such things as paper, a duster, or 
piece of flannel lodge in the concentrator when the 
pipe was 2 in. diameter ; if such things pass the trap, 
they will pass the concentrator when 2 in. diameter. 
It is however in practice made 2^ in. internal diameter, 
and the soil pipe 44 in. But, the same principle 
being observed, these dimensions may be 3 in. and 5 in. 
respectively if desired. I have found one case where a 
new squai-e piece of a bai- of soap was thrown down witli 
the housemaid's slops, and it did not pass through the 
2i in, size, but I hardly think this a sufficient reason 
for making it lai'ger. There should always be a house- 
maid's sink for the slops, with a gi-atiug at the mouth 
of the pipe, "Where the soil pipe and the closet basm 
can be brought near each other, the trap is made in one 
piece with the concentrator, but where they cannot be 
so, a short piece of 3 in. pipe connects them, as in Fig. 
41. This works all right with a fall of 2 in. in a foot. 
The trap on any branch of a soil pipe should be as 
near the soil pipe as possible, to pre'^^nt ^ii^e, otXtj tJ^. 
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foul air into it. It might be supposed that there 
might be a trap uuder the closet basin as well as one 
close to the soil pipe, but it would be bad construction 
to place two traps so neai- each other; when this is done, 
one of them withdi'aws the water from the other by the 
compression and expansion which the air between 
them undergoes. 

The passage of air up the soil pipe ia not materially 
obstructed by the short lengths of pipe of reduced 
diameter. It is length combined with smallness of 
diameter which offers resistance to the passage of 
fluids, The insei-tion of a chaphragm in a long pipe of 
considerable bore, to which these short lengths of pipe 
may be likened, has little effect in obstructing the flow. 

Concentrators maybe placed one above another, one 
at each floor level, where there is a series of waterclosets 
connected with the same Tei-tical soil pipe. At present 
the experience is with two in height, only, about 10 ft. 
apart, and there has been no inconvenience from noise. 

Down pipe from the cistern. — The down pipe from 
the cisteiTi to the basin of the water-closet ia often 
made too small; it should not be less than IJ in. 
internal diameter. The valve at the mouth is also 
very frequently too smaU, It should have a consider- 
ably larger area than that of the pipe ; about one-and-a- 
half times the diameter is sufficient. What is wanted 
for this pui'pose is a sudden flush of water, not neces- 
sarily greater in quantity , hut of quick action. Two 
gallons is the usual quantitj foi one flush. The 
lightest pipe made is sufficiently stiong for the pur- 
pose, and any saving which it may be desu'ed to make 
should be sought for in thickness of metal and 
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not in size of pipe. Nine pounds weight per yard is 
quite aufiicient for a pipe of li in. diameter. 

AVliatever the form of closet apparatus, tlie one 
feature common to tliem all is tlie soil-pipe. This is 
tlie pipe which intervenes between the trap of the 
closet-basin and the ckaiuj and the top of it is usually 
the highest point of the house-di'ainage, and therefore 
is the point at which the gases arising from the decom- 
position of the sewage have the greatest tendency to 
accumulate, — all those, that is to say, wliich are of 
less specific gravity than the atmospheric aii-. It is 
impossible, except by means of an expensive applica- 
tion of antiseptics, to prevent the liberation of the 
gases of decomposition of sewage (which begin, as has 
been already said, as soon as the sewage is formed, and 
continue until it is finally disposed of at the outfall) 
and it is quite as impossible to prevent their escape 
into the atmosphere. The only practicable thing tliat 
can be done to prevent injury from them is to conduct 
them to places out of reach of tlie air we breathe con- 
tinually, — that is to say, into the atmosphere above our 
heads, such of them, at least, as are of less specific 
gravity than the atmospheric aii- at the moments of 
action, and these gases are the most injurious because 
the most volatile. The diffusion of tlie heavy carbonic 
ncid gas is slower, and it is not so important a vehicle 
of conveyance of germs of disease as the hghter gases 
are. 

Of the evil effects of the gosea of decomposing 
sewage, Dr. George WUson, in his "Handbook of 
Hygiene," says, after eniunerating some cases where 
enteric or typhoid fever had ttiVeiA ■^\'B.tfe itci'wi. "^^^t 
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entiy of these gnaes into places where people had to 
breatlie tliem, " While numerous other instances are 
recorded of the evil effects of tlie air of sewers, 
cesspits, dizains, &c., in producing temporary ailments, 
such as nausea, vomiting, diarrhosa, and headache, 
the great interest which attaches to this important 
subject rests on the development and spread of enteric 
fever ;" and that " the sewer air, laden with the specific 
poison, readily finds its way into houses on account of 
its greater tension, and in consequence of badly 
trapped and imperfectly ventilated drains." 

Ventilation of House-drainB and Sewers. — The ven- 
tilation of sewers and house-drains has received a 
good deal of attention, and many propositions have 
been made which will occur to those conversant 
with the subject, hut which need not be repeated 
here. No method of ventilation, however, is at once 
so simple, practical, effective, and inexpensive aa 
open communicationa between the drains and sewers 
and the atmospheric air. When openings are made 
into sewers or drains, the gases of decomposi- 
tion, previously accumulating under pressure, escape 
freely into the atmosphere ; and the mischief is that 
when they escape at the ground-level we must breathe 
them. 13ut there is no necessity for this ; they can 
be conducted up into the atmosphere above the house- 
tops, if the pipes be sufficiently large and sufficiently 
numerous. These two reqiiirements may be at once 
stated, from experience, to be, that the ventilating 
pipes should be i inches diameter, and that there 
ehould be at least one to every house-drain. 
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The retail prices of iron pipes suitable for drain- 
ventilation are as follow : — 

3 in. diameter, 3s. Sd. per 6 ft. length. 
S^ in. „ 35. lOd. „ 

4 in. „ 45. 8d, ,, 
4iin. „ 6s. ,, 

These are preferable to the small lead pipes which 
have sometimes been put up, with the idea of venti- 
lating the drain or soil pipe — ^when, indeed, plumbers 
have come to see the necessity of the ventilation of 
house drains. In putting up these small pipes the 
element of friction, through so small and long a pipe, is 
probably overlooked, but it is of itself sufficient to 
prevent the pipe being of any use. If no motion 
of air through the pipe were to take place, no pipe at 
all would be required ; it is the necessary element of 
motion through the pipe of a certain volume of air in a 
limited time which is overlooked. Moreover, to the 
inefficiency of a small pipe the obstruction of bends is 
sometimes added, and when such a pipe has been 
found by experience to be useless for the purpose of 
ventilation of a drain or soil pipe, ventilation has been 
thought to be useless, whereas the fault has probably 
been, in each of these cases, that the pipe has been too 
small. Air, like water, will only pass easily through a 
pipe when the velocity is small. It resists being 
pushed through too fast, and when we consider how 
delicate and small the force is which bears upon it in 
any position in drainage, it is not wonderful the foul 
air refuses to be expelled through a small pipe, and 
prefers to escape into the house. 

Perhaps the plumber does not take the trouble to 
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think what size the pipe ought to be, and it appears to 
him that tlie size of the pipe is immateiial. 

The owner of the house is gliid to hear from the 
plumber that a small pipe will be sufficient ; lie would 
be still more pleased if he could be assured that none 
at all is requu'ed. 

One of the last ventilating-pipes of several thousands 
erected under my dii-ections before this present writing 
is 4 J inches diameter; and when the workmen had 
finished all but putting down the last trap at the 
ground level, they put into the drain a bit of white 
paper, aud it was at once carried up the ventilating- 
pipe and was seen to fly out of the top of it. 

"When I constructed the sewerage and drainage of the 
to^vn of Leek, I caused to be erected a nnmber of 
ventilating pipes at the upper ends of the house-drains. 
Since that time the Sanitary Inspector has been re- 
quested by the Improvement Commission era to report 
to thera the state of the ventilation of the sewers and 
di'ains of the town, and the following is a copy of his 
report. 

"The public sewers aud private house-drains con- 
nected therewith are ventilated by means of 1,194 
metal pipes, varjing from 2J in. to 4 in. diameter, 
canied up the exterior walls of buildings above the 
levels of windows. Although means of ventilation are 
much requii'ed in places, it may be said, in general, 
that the provision made for the ventilation of sewei-s 
and drains is much more adequate than was antici- 
pated. I 

" Notwithstanding the fact that little was said as to ■ 
the importance of sewer and drain ventilation when 
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these works were coastructed, the engiiieei- who con- 
stmcted them appears to have devoted considerable 
attention to the subject ; and, at a subsequent period, 
upon the recommendation of the Sanitary Committee, 
the Eom-d made an order that every drain and branch- 
drain hereafter constructed be ventilated at its head 
by means of a pipe or flue, tenninating above the 
windows of the house or building. 

" The propiiety of thus dealing with the subject has 
been so often demonsti'ated in Leek, that I only need 
refer to the fact that where the necessity of sewer and 
drain ventilation has been altogether ignored, typhoid 
fever has been most prevalent. After careful inspec- 
tion and consideration, I cannot recommend any other 
method of deahng with the subject than that ah-eady 
adopted by the Board, The principle uicnlcated by 
the order now upon the books is that it shall not be 
possible for foul stagnant gas to he present in any 
sewer or house-drain. The means determined upon 
by the Board for that purpose are extremely simple, 
easy of application, and strictly in accordance with 
natural law. 

"It has repeatedly been proved here that the best 
water-trap at a drain-head (especially if it be inside a 
house) without proper provision for ventilation, is a 
snare and a delusion, fraught with much hidden danger 
to health and life. I therefore submit that the Board 
cannot do better than caiiy out in its integrity the 
principle of ventilation already adopted, by reqnu-ing 
a sulBcient number of outlets at the head of each 
sewer and drain ; thereby allowing nature to establish 
a natural circulation by which continuous dLffiis.s.c>\i, 
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dilution, and rapid oxidation, will at lenst reduce the 
danger to a decimal degree." 

I have been informed by the Sanitaiy Inspector, 
Mr. Robert Farrow, that he has frequently held a 
candle or a few lighted shavings to an nntrnpped gully 
in the street, and has found the cuiTent of aij- to 
be inwards. From that it may he inferred tliat the 
tall ventilating pipes are fed with atmospheric air, 
through any deiective trap there may happen to be at 
the gcomid level, and so the sewers and drains become 
supplied with currents of atmospheric aii", preventing 
the formation of sewage gases, to some extent, and 
carrying off those which are formed. 

Dr. Alfred Carpenter, in a paper read at a meeting 
of the Health Department of the Social Science Con- 
gress in 1869, on the "Influence of sewer gas on the 
public healtli," said, speaking of Croydon, " When a 
stink is perceived at a pai'ticular spot, or in a parti- 
cular house, orders are generally given to stop the 
place of issue by trapping the offending opening, with 
the beneficial result of removing the smell and staying 
the progress of disease in that particular house or 
place ; but no means are taken to prevent its influence 
being felt elsewhere. The mischief is simply ti'ans- 
fen-ed in a selfish kind of way, and the public suffer 
for it. I have had much experience of this kind of 
thing in our district, and soon saw that trapping was 
not a proper remedy unless it was accompanied by the 
provision of another exit in a safer situation." 

Fm'ther, that " The Croydon Local Board deter- 
mined, three years ago, to adopt the principle of 
opening the exti'emity of every sewer, and of every 
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tranch or house-drain in connection with the aewer, 
and make every house ventilnte its ovm house dniin 
The Local Board also had openings made into the 
sewers at 100 yards interval, so as to allow of a con- 
stant and continuous current of air. By these means 
the effects of sewer gas have heen entirely obviated, 
and the consequences removed, in those portions of 
our distnct to which the law is made to apply, in a 
most marked and decisive manner." . . . , " The 
sewer gaa wUl form, at times, veiy abundantly in the 
house-drains, — the houses being, like gas-receivers, 
open at the bottom only, the sewer products will make 
their way through the traps into such houses ; and if 
the traps become, as is often the case, nntrapped, 
especially in dry weather, there is a ready means for 
the entrance of the gas into the house, independently 
of the means afforded by the water in the trap itself, 
which is a ready conductor of the miasms, — absorbing 
the agent on one side and giving it off on the other," 
After pointing out that the foi^mation of sewage gas 
cannot be prevented, and that trapping is only stop- 
ping the danger at one point and forcing it in another, 
quite as perilous to those exposed to its influences, 
Dr. Carpenter said, "Whilst, therefore, these gases 
wdll fonn, how can we best avoid their influences ? 
The nature of sewer gas has been well pointed out by 
various chemists and medical authorities, — all concur 
in the belief that dilution desti'oys it; that if suffi- 
ciently diluted with air it becomes innocuous, and its 
sting is taken away. When it first escapes from a 
sewer it caiTies with it some condition which is in- 
jurious to life, tending to prevent some necessary 
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change in the blood, or other vital tissues, either hy 
its own power or by raeaiia of a property to which it 
simply beai'a the relation of cai'rier. If it be mixed 
with Buf&cient air, especially if that air be ozonised, 
the miasm becomes oxidized and comparatively harm- 
less, or if not bo oxidized its presence is not injurious 
to life." Speaking of the motion of air in sewers and 
drains being upwaa'ds, he said, " Our problem, there- 
fore, is how to render this circulation positively con- 
tinuous. This has been effected most perfectly in onr 
district by conipelting every new house to have ven- 
tilation for itself. The soil pipe is continued upwards 
ill a straight line above the level of the pan (of the 
water-closet), between the trap and the sewer, and it 
is made to terminate by an open extremity above the 
eaves of the house, away from the window, and not 
close to, or on a level with, the chimney. Every con- 
nection witli a sewer requiring the presence of a trap, 
has that ti'ap guarded from the consequences of pres- 
sure by a ventilator similar to that of the soil pipe, 
the latter being placed as close to the trap as possible. 
It is found necessary to make tliese shafts ascend 
ati'aight up, and not curve or tm-n at right angles, or 
then* efficiency is interfered with. The result of 
making these innumerable openings at the higher 
points of the sewer has been to promote a rapid circu- 
lation through the sewer, by which aU sewer gas is re- 
moved as quickly as formed, and no concentration can 
take place." 

Dr. Thursfield, in his Sanitary Report on the Bo- 
rough of Shrewsbury, March, 1875, says: "The object 
in ventilating a soil-pipe is to afford such fi'ee exit to 
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the gas that it shall neither pass through the water in 
the trap, nor through any corrosion or leakage in the 
soil-pipe itself. The mode in which soil-pipes are 
ordinarily ventilated does not accompUsh this ; a pipe 
of small calibre is carried from the soil-pipe with many 
turns and twists to the top of the house, and the retar- 
dation to the up-draught, caused by the small calibre 
and length of the pipe, is so great that in many cases 
it practically does not act at all." 

Fluctibation of the volume of sewage. — It is well 
known to those who have had to do with sewers that 
the volume of sewage varies from hour to hour of 
the day ; and this takes place to such an extent that 
one half of the sewage due to the whole 24 hours 
often flows off in six or eight hours, and that circum- 
stance has to be taken into consideration in deter- 
mining the size and other conditions of a sewer. 
This fluctuation is caused by the varying quantities of 
water used in houses at different hours of the day. 
Repeated gaugings of the flow of sewage in dry 
weather, when the quantity is not influenced by rain- 
fall, but is chiefly that used in houses, has shown that 
the maximimi flow during some one hour of the day 
is about twice as much as the minimum flow during 
another hour of the consecutive 24 hours. 

Mr. Marten has stated that at Wolverhampton about 
three-fourths of the daily supply of water was given 
between the hours of eight in the morning and eight 
in the evening. 

Mr, Hawksley has stated that at Salford, in the year 
1862, the draught of water between eight a.m. and 
noon was from 2 to 2J times the average quantity of 
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the whole day, and that in tlie night it was not more 
than J of the average quantity. 

A day's obseiTation of the state of the chief service 
reserroir of the Manchester Water AVorka in 18G4 
showed the quantities flowing out to be 

from 9 a.m. to noon 1^ million gallons 
,, noon to 3 p.m. IJ „ „ 

„ 3 p.m. to 9 p.m. 2 „ „ 

„ 9 p.m. to 9 a.m. 2 

7 

So that during the six hours from 9 a.m. to 3 p.m. 
the average hourly quantity going out of the reseiToir 
waa tV "f ^^^ whole quantity dming the 24 hours, or 
500,000 gallons ; from 3 p.m. to 9 p.m. Jt, or 333,333 
gallons ; and from 9 p.m. to 9 a.m. \, or 166,666 
gallons ; the fii'st-named hourly quantity being three 
times that of the average hourly night-flow. The 
fluctuation of the water-supply is, as might be pre- 
sumed, greater than that of the sewage flow, because 
tliero is always some ground-water running in the 
sewers, which seems to make the night flow of the 
sewers about half as much as the maximum daily 
flow. 

In several towns the maximum hourly quantity of 
dry weather sewage flowing at the outfalls of the 
sewers has been found to be a little more than twice as 
much as the minimum. 

Such observations show that the fluctuatioii of the 
volume of sewage is very considerable even in di-y 
weather ; and another cause of fluctuation is the rain- 
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fall. Everybody knows that immediately after a 
shower of rain " the drains smell." The foul gases 
of the drains are, in fact, then forced out by the influx 
of water. When the water in the sewer is rising, it 
compresses the air in the sewer above it, when it is 
confined, and, reacting, as all elastic bodies do, with a 
force equal to that with which they are compressed, 
the sewer air forces its way into the houses through 
kitchen sinks, traps, and water-closets, and through 
street gulleys, and other places at which it ought not 
to be allowed to escape. 

Open and close sewers. — When a close sewer is 
broken into the escape of the pent-up gases is fearful 
in volume and malignity, and the death of workmen 
has frequently occurred when this has been done, 
and more frequently has illness of many people arisen 
from it. 

When a sufficient number of openings has been 
made through which there is free communication be- 
tween the atmosphere and the interior of the sewers 
the escape of sewer gas at any one opening is almost 
imperceptible. Now if we consider the bearing of 
these facts we shall see that open and not close sewers 
are to be preferred. 

But wholly open sewers in populous places cause 
too much inconvenience, and therefore for the sake of 
convenience sewers in populous places must be covered. 
Between these two antagonistic requirements we must 
take a middle course, and, while covering the sewer, 
must make frequent openings through which a com- 
munication may take place between the interior of the 
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Road drains. — AYherever there is a considerable 
number of houses together it will be advisable to 
lay a common sewer into which they may be drained, 
BO that the sewage may be conveyed to one spot and 
disposed of. 

Now, wherever there is a considerable number 0/ 
houses together there is usually a road drain, or 
culvert, or several of them, for the purpose of carrying 
off the rainwater. These may have their outlets as it 
may be ; but it may bo taken generally that they are 
sufficient for the purpose for which they were laid 
down, but for that only. To convert these into 
sewers is quite a wrong proceeding. We find, indeed, 
as matters of fact, that in many cases house sewage 
is turned into these road drains and culverts, but we 
find also the necessary consequences — stoppages, and 
nuisances arising from the breaking out of their con- 
tents. Before such pipes as are suitable for sewera 
and house drains were made, road drains were chiefly 
formed of bricks, sometimes with mortar and some- 
times laid dry, or of rough stonework, and it is chiefly 
such drains and culverts as these that we find in 
existence, and in some cases receiving part of the 
house di'ainage. They are often of considerable size, 
and on that account are sometimes thought to be 
sufficient for both road drainage and house drainage, 
and BO far as size and fall go they might be so in 
most cases, but the chief consideration is that house 
sewage must be cleansed (I prefer to say cleansed 
rather than purified) before its escape into a river or 
stream, and if it be mixed with a large quantity of 
rainwater — which it would be if put into road drains— 
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be made, the numerous communicatious thus made 
between the eewers and the atmosphere are vory bene- 
ficial, if the covers of the mau-holes and the lamp-boles 
be made with openings, or if they be covered with 
gratings. They then act beneficially by admitting 
fresh air to the sewers, providing an efficient system of 
ventilation, such as Las ab'eady been mentioned, be 
adopted in connection with these openings. 

The man-holes should be about 8 ft. squai'e, gathered 
in near the top an inch or so each coui'se until the 
opening is reduced to the length of 2J bricks, and the 
' width to 2 bricks. Upon the biick walls a cast-iron 
frame is set, within which a moveable cover is fitted, 
the consti'uction of which should be such as to be as 
open as possible, consistently with safety to horses' 
feet. 

The bottom of the man-hole should be foimed so as 
to prevent lodgment of sewaj^e, and should be of the 
form of the lower half of the adjoining pipes, or of the 
invert of the sewer, when of biickwork. 

The lamp-holes may be vertical pipes, set up on a 
square junction, and cai'ried to within about a foot of 
the sui'face. Round the mouth of the vertical pipe a 
small bed of concrete should be laid to receive the 
pressure of the traffic over the cover, which should be 
supported upon two courses of brickwork, bedded upon 
the concrete, so that weights passing along the road- 
way shall not be transmitted to the pipes. The cover 
should be of cast-ii'on, similar to that of the man-boles, 
but need not be so large. In macadamised roads, the 
iron covers of both should be sun'ounded by pitched 
stone for the distance of a yard or so. 



r 



14S SA^nr-UT work. 

Circular teirrrt, — ^Wken ibe sitontioii of the nppet 
end of > sever is soeh that it cannot lie extended 
eo ss to inchide the dntin^e of anj additional 
number of booses, the npper end of the sever 
may be of 6-in. pipes, — for what length downwards 
win depend upon the &U, bat the length will in 
most cases be compftiatiTely short. Below these 
short lengths of dead ends 9-iii. pipes may be 
continaed for considerable distances, which may, 
when necessar}', be sacceeded by i2-in. and 15-m. 
pipes, for distances still greater; bat when it becomes 
necessary to make the diameter as nmch as 18 in. it 
will in general be better to lay a brick sewer, with a 
balf-brick ring; and half-brick, or about 4 J in., is a 
sufficient thickness for diameters up to about 2 ft. 6 in. 
Sewer bricks shonld in all cases be moidded thin on 
the face and thick at the back, and more or less so 
according to the radius of the sewer, so that they may 
be bedded solidly upon each other thi-oughout the 
width of the bed. For sewers of larger size, and up 
to 3 ft. 3 in., or 3 ft. 6 in. diameter, the bricks maybe 
moulded of the dimensions of 9 in. long, Bin. wide, 
and of a thickness of 2|in. on the face, and Sin. at 
the back. Although heavier tJian bricks of ordinary 
size, these are not inconveniently heavy in the hand- 
ling, and about the same cubical quantity of work per 
(lay is done with them as with bricks of ordinary size. 
I used bricks of these dimensions, moulded for the 
puipose, in the north outfall sewer of the Leek 
Drainage. Its diameter is 3 ft. 3 in. If the diameter 
be required to be greater than about Sft, 6 in., the 
thickness should be 9 in., or one brick, up to, but not 
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J much exceeding, a diiuueter of 4 ft. 6 in., or 6 ft. high 
. and 4 ft. wide, 

Egg-shape sewers. — For the pm'pose of concen- 
trating a small flow of sewage, and so increasing 
its depth and consequent velocity, the bottom of 
a brick sewer is sometimes made of smaller radius 
than the top, and the usual ratio of height to width 
is three to two. It is evident that a given small 
quantity of sewage flowing in a circular sewer 
spreads out over the bottom and reduces the hydraulic 
depth, and where the inclination of the sewer is 
small and the variation of the quantity is great this 
form is preferable to the circular form ; otherwise 
it is not so. 

The circular form has many practical advantages 
which the egg-shape has not, It is stronger; the fluc- 
tuation of the height of the surface of the sewage-flow 
is less, and for this reason the extent of surface exposed 
to wet and dry on the sides of the sewer is less, which 
is in its favour, for the grease and other matter left on 
the inside of the sewer at and neai' the surface of the 
sewage-flow gives off gases of decomposition, and the 
more so in proportion to the extent of em-face exposed. 

Sewer brieks. — The bricks of the invert or lower por- 
tion of a sewer should be of very good quality. They 
are subject to constant abrasion by hard matter; and 
the joints should be of cement, or of ground hydraulic 
lime used in the manner of cement, with an admixture 
of not more than two of sand to one of cement, or 
lime, the sand being clean and sharp to the touch, 
The blue bricks made in Staffordshu'e and Shropshh'e 
are excellent for sewer work, and the gault bricka in. 
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the iieighbouihood of London ; but as the bricks of 
the locality will probably in most cases be used for 
BCwers, care should be taken to select the best kind gf 
clay the locality affords, within reasonable distance, 
and to have the bricks well burnt. 

It has occurred in sewers that the bottom has been 
deeply cut into by the action of sand and other solid 
matter upon it for a number of years. 

Depths of sewers. — As to the depth at which sewera 
should be laid, that depends altogether upon local 
ch-Gumstances. Where the surface of the ground 
is generally of uneven height, the level of the 
lowest part of the opposite houses is the guide, 
the middle of the height of the sewer being not 
less than '2 ft. lower than such lowest points. In 
such gi'ound, taking this minimum depth at several 
points along the course of a sewer, or along some 
considerable portion of its length, the proper in- 
L-lination may be ascertained, and the depth at every 
l)art of the course. The proper gi'adient being deter- 
mined, the easiest way of ensui-ing its exact formation 
is to place two fixed sight-rails across the line of 
trench at an equal height above the intended bottom 
of the sewer, and to use a moveable rod, with a cross- 
head upon it, to hone in every part of the bottom 
truly. This is a much better way than driving ahead 
with a straight-edge andhandlevei, although this method 
is adopted for the short lengths of house drains. 

Junction of house drains uitk brick sewers. — The 
junctions of the house drains with a sewer are 
sometimes made to enter it at t\i& ^lottotft, \isiVi-« tha 
sur&ce of the ordinary sevja-gc-fto-w i \>-at 'Oma ^.^SLafft. 
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be commended. The intention probably is to prevent 
the sewer gaa passing up the drains to the houses, but 
although this method has that effect there are practical 
objections to it, based on experience of the silting up 
of the lower ends of the drains when this method has 
been adopted ; and, natura]l_v, the velocity of the 
sewage-0ow is checked whenever the sewage rises in 
the sewer. The preference for this method has been 
excused on these grounds. All sewage matter, it is 
said, is soluble in water, if a sufficient length of time 
is given to it, and with that \-iew the size of the house 
drain is made rather larger and the velocity of the 
sewage-flow is considered as a secondary question. So 
that all be dissolved, it is supposed that a lesser 
velocity is necessary, but this can hardly be a practical 
way of looking at tlie thing. It is impossible to avoid 
the entry of all insoluble matter into a house drain, 
and when the junction with the sewer is made in this 
manner it la only a question of time when the lower 
end of it will be found silted up. The best point in 
the height of a brick sewer at which to make the 
junction of a house drain is at the haunch of the 
arch, or just above the springing. The passage of 
sewer gas up the drains must be got rid of by a 
proper system of ventilation at the upper ends of the 
drains. Taking the point above mentioned in the 
height of a brick sewer to be the proper one, a 
junction block, fonned obliquelj', should be set in the 
brickwork wherever a house da-ain is, or may be 
required to be, connected with the sewer. " QtiVV^^ 
junction blocks" are quite oli tVvd^'s. "ao"« - ^"^^ '^'^ 
these being built into tlie bnckviOTV, e, Vea^-sj^^'^"'^^'^ I 
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be inserted to give the lead of the house drain the 
proper direction. Their prices are about as follow, 
for 4J-in. and 9-in. brickwork respectively, viz., for 
6-in. pipes, 8s, 9rf. and 5s. Gd.; for 9-in, pipes, 5t, 6i. 
and 7s.; forl2-in. pipes, Ss. and 10;!. Gd. each. 

Sewer invert blocks. — ^For egg-shaped sewers the 
stoneware invert blocks are useful and give facility 
in the execution of the work. They are made for 
4J-in,, 6-in., and 9-in. brickwork, and theii- prices 
per lineal foot are about as follow, viz., for 4J-iu. 
brickwork. Is. 2d. ; for 6-in. brickwork, la. 8d, ; 
and for 9-in. brickwork, from 2s. 2d. to 8b. Gd., 
according to the width. 

Experiments on the strength of sewer ^pes. — On page 
82 are a few weights borne by stoneware pipes. Here 
are some tried by myself on fireclay pipea of larger 
size, in a manner resembling the circumstances under 
which pipes bear pressure in actual use. The weight 
a pipe will beai- without breaking depends a good deal 
upon the way it is bedded. In clay ground, cut to the 
shape of the lower half of the pipe, a fireclay pipe 30 
in. diameter, 3 ft. long, 2i in. thick, bore 10 tons 
3 cwt., witliout apparent injury, and another 30 in, 
X 21 in., 3 ft. long, IJ in. thick, bore the same weight. 
Another fireclay pipe 24 in. diameter, 3 ft. long, \\ in. 
tiiick, bore 8 tons 2 cwt., also without injury. They 
were made by Messrs. AVm. Ingham and Sons, at 
"Wortley, neai- Leeds, in the year 1880. The earth dug 
out of the ti'enc'h was filled in over the pipes to a depth 
of 1 ft,, and pigs of iron were piled upon the pipes to 
the weight mentioned. They were not further weighted, 
partly because there was no more pig iron at hand, 
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and also because these weights are far greater than the 
l)ipes could ever be subjected to in practice. But as I 
kaew that fireclay pipes had heen found broken in the 
ground in actual sewers, at no unusual depth below 
the surface, I tried some fuiUier experiments in the 
following manner. 

In gravelly and sandy ground trenches were cut of 
the same width as sewer trenches for the various sizes 
of pipes, the bottom not being so exactly fonned to the 
shape of the pipe as in the first experiments, but 
resembling the form of trench where the broken pipes 
were found. The experimental trenches indeed were 
puii>osely made to resemble the general fonn and 
width of ti'ench where the bottom is not excavated to 
the exact form of the pipe-bottom. 

In the following experiments joint holes were made 
in the bottom of the ti'encli so that the body of the 
pipe had an even bearing all along, and the sides were 
filled in with the excavated earth and ranmied about as 
much as — but pui-posely not more than — it usually is 
in practice, or was in those trenches where the pipes 
were found brokeji ; and the filling in was continued 
over the pipe to the depth of 1 ft. Numerous pigs of 
iron were weighed and found to average 1 cwt. each. All 
other pigs used were taken to he of the same weight. 
These were piled upon the pipes, a short plank of the 
length of the body of the pipe being first laid upon the 
earth over it. The pigs of iron were piled up until 
the first fracture occurred, both ends being watched, 
after which there was no further loading. The 
diameters and thicknesses of the pipes, and the lengths 
of bearing of the weights mentioned, ■we\ft a,?, id^^i'^ ■> — 
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BREAKING WEIGHTS OP PIPES. 




Dimensions of pipe. 


Thickness. 


Length of 
bearing. 


Weight. 


Inches. 


Inches. 


Ft. Ins. 


Tons. Cwts. 


30 diiimeter ... 


2i 


2 6 


7 1 


30x21 . 


If 


2 6 


6 16 


24x18. . . . 


Ih 


2 3 


6 11 


20x15 . 


If 


2 3 


5 7 


15 diameter . . . 


n 


2 


3 16 


16x12 . 


1^ 


2 


3 15 


12 diameter . . . 


1 


1 9 


3 16 


9 diameter 


f 


1 9 


2 12 


6 diameter . . . 


f 


1 9 


3 19 



The fracture was always longitudinal, mostly at the 
crown and the two sides, in a few cases also at the bottom. 

The carrying capacity of different forms of sewers. — 
A common ratio of height to width of an egg-shape 
sewer is 1*5 to 1 (Fig. 42), in which the height from 
the invert to the springing of the arch is equal to the 
width at the springing, the radius of the invert being 
contracted to one half of the radius of the arch^ and 
the radius of the sides expanded to three times that 
radius. With these proportions, the whole area of the 
sewer in cross section is 1*149 d^ d being the width at 
the springing. The perimeter of the whole section is 
3*96 D, and the hydraulic mean depth is '29 d. 

When this sewer is running one third full, or at a 
height of 'Sd above the invert, the sectional area of 
the stream is '285 0^, the wetted border 1*38 d, and the 
hyd. m. d. = '2065 d. When half full these quantities 
are — area 509 d^ border 1*90 d, and hyd. m. d. = •2680d. 
When two-thirds full, or up to the springing of the 
arch, the area is '756 d^ the border 2*39 d, and hyd* 

d. = *3163D. These lengths and areas result from 
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i6 
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tlie angle 36° 62', which emhracea each side of the 
sewer, and the angle 106" 16' the invert. 

Another form of egg-shape sewer, called for distinc- 
tion tlie ovoid (Fig. 43}, has a height 1-293 to width 
1 at the springing. This results from the radius of the 
sides of the sewer being twice that of the arch, each 
aide embracing 45°, whence the radius of the invert 
becomes the difference between 1 and the square root 
of 2 (J)', or 1— -707 = -293, when the width d = 1. 
The height of the sewer therefore ia 1'293 d. The 
whole area of the sewer in cross section is "9965 d-, 
which is practically = d'. Tlie whole peruneter is 
3'60 D, and the hj-d. m. d. = -2765 d. 

When this sewer ia running one-third full the 
sectional area of the stream is "255 d-, the wetted 
border 1-29 D, and tlie hyd. m.d. = '1976 0. "When 
half full the area is "456 d', the border 1'74 d, and the 
hyd. m. d. = -2620 D. When two-thirds full the area is 
■670d^ the border 2-17 d, and the hyd. ra. d. = -3087 d. 
At this height the water is above the springing. 
Taking it up to the springing only, or at a height^ 
■793 D above the invert, the area is "603 d', the border 
2-03 D, and the hyd. m.d. = -2960D. 

In a circular sewer, when running one-third full, the 
area is "229 d^, the wetted border 1*23 d, and the hyd. 
m. d. = -1862 n. "When half fidl these ai-e respectively 
■3927 D^ 1-57 D, and -250. "Wlien two-thii-ds full the 
ai'ea ia '556 d", the border 1"91 d, and the hydi-aulic 
mean depth '2911 d. 

The carrying capacity of a sewer having any given 
jnclination is proportional to ftie sect\oiia\ weta. 
multiplied into the square toot ot the \i^4i:KoSL'i -sa-ftwa. 
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depth. If A and h represent these, and c the can-jiiig 
capacity of the sewer, c is proportional to a \/Ti. 
From the foregoing data the following table is con- 
structed, showing the comparative values of c for each 
form of sewer at different degrees of fuhiess. 

Proportional can'ying capacities of various fonns of 
Bewer at difl'ereiit degrees of fulness, the width, d, at 
the springing of the arch, heing in each case = 1. 





Egg shnpe. 


Ovoid. 


C ire 111 a p. 


Full .... 
Two-thuila full . 
Half full. . . . 
Ona-third fuU 


61S7 
4251 

sess 

12a5 


E2Sfl 
3722 
2331 
113* 


3927 
3002 
1M3 


Sewers of equal cai-rying capacity when full have the 
following dimensions : — 




WiJtl, nt 
Springing. 


Height. 


S""" ■.■.■.•: 


1 
1'07 



















The diagram, fig. 44, shews by the horizontal scale 
the carrj-ing capacity of each of these fonns of sewer at 
any height measured by the vertical scale, by which it ' 
is seen that in an egg-shape sewer one third of its 
carrjdng capacity occurs at the height "44 u, one lialf 
at "55 H, two thirds at "65 h. In the ovoid form one- 
third of its caiTying capacity occurs at the height "42 n, 
one-half at "53 n, and two-tbirds at "63 h. In the cir- 
cular forai one-thii-d of Its canym^ ca.-^a.'iv't^ citt-wi.'%,»s..'^s-a 1 
height -39 h, one-half at '6 H, ohOl 'OTo-'OL\\s?s.'i ^v-'^V^a.- 
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§ X.— AERANGEJIENT OF THE OUT-BUILD- 
INGS OF SMALL HOUSES. 

Those wlio intend to build houses mostly have 
them biiilt according to their own airangement and 
fancy ; and this must be so ; and I offer the following 
remarks only as a suggestion, but one which is fomided 
on an experience of (hfEbrent arrangements, some of 
which, though not any less expensive, are less con- 
ducive to the convenience and health of the tenants 
than the one shown in the accompanying sketch. 

For instance, there may be a row of houses with 
an entry between each two of four, and opposite the 
entry a common washhouse for the four houses. 
There can hardly be a worse arrangement. When 
there is a common j'ard to several houses it is of prac- 
tical importance tliat the outbuildings be so arranged 
as to prevent, as far as cii-cum stances make possible, 
a concentration of the work to be done, or rather a 
congregation of persons, on one spot for the perform- 
ance of any office; as, for instance, for washing. It 
is too much to expect that four women should amicably 
arrange then' washing days so that one washhouse 
shall serve for all; but two may so agi-ee. The ar- 
rangement shown in the sketch is not an invention or 
design of my own, but is one which I liave found to be 
better than the other I have mentioned. 

As to the pi'ivy place, it is better on all grounds 
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indicated in the sketch, but one cesspit for the two 
does well enouglt. 
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Til's ia, as shown, between the pin? ■V)\)a\.axQ^ «sA 
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tlie washhouse, and one roof covers all — washhouse, 
privies, and cesspit. The ends of the space occupied 
by the cesspit are left open. The ashes of the house- 
fires may be thrown into this place, or there may be a 
separate ashpit for dry ashes, as shown at the back of 
the coal-sheds. 

Each washhouse has a boiler, and every two ad- 
joining washhouses have a common chimney, and as 

Fig. 46. 
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it adjoins the two cesspits it may be made to ventilate 
them hy leaving a half-brick YioVe otl ^^q\i i^S^j^* ^'\^«^a. 
IS not essential. Sufficient \eii\5i\».M\oTy. \^ v^^^^^^^^'^ 
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leaving the two ends open, as before described. In 
each washhouse ia a sinistone, under the window, 
and the waste pipe fi'om the sinkstone passes under 
the pavuig of the 3-ard and empties into tiie trap oppo- 
site, which is set low for this purpose, into which also 
the house slops are thrown. A trap is arranged con- 
veniently near the door of each house, for when there 
is no such convenient place near the door the slops are 
thrown anywhere. These are but trivial things, in 
one sense, but in the aggregate they are of much 
importance. The central open space shown in the 
sketch gives room for the children to play in. 

The ventilating pipe of the house drain in the sketch 
ia shown to terminate at or about the level of the ridge 
of the roof, against the chimney. This is better than 
carrying it up to the top of the chimney, for in the 
first place the length of the pipe is as great as a 4-in. 
pipe ought to be ; secondly, it avoids the possibiUty of 
anyfoul air which may escape from the ventilating pipe 
passing down the chimney flue when there is no up- 
draught in it. 

If one's chimney adjoins a neighbour's, and one has 
no fire burning, one may sometimes smell red herrings 
when he is cooking them. It by no means follows that 
the air from the drains would pass down the chimney 
in the same wayif tlie ventilating pipe were terminated 
at the same level as the chimney flue, but to avoid even 
a possibihty of this it is well not to terminate these at 
the same level. 
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The paving of the sui'face of back yards, and of all 
Bpaeea extending for some distance from the threslioliU 
of house doors, is an essential part of house drainnge. 
Without it a house cannot be kept clean, as we have 
said in auother place. Without paving, the sm-fuce of 
the ground is worn into holes, which are puddle-holea 
in wet weather, and at all times an unpaved sui'face 
near the common door of a house is necessarily in a 
dii'ty condition. 

After the house drain lias been properly laid there 
is no need to again disturb the surface, and in that 
case it may be asphalted, at a cost of from le. 6d. to 
2s. per square yard; but of course something more 
is necessary than to mix gas-tai' and gi-avel together 
and lay it down, as is sometimes done, and called 
aaphalte. The pitch of gaa-tar should be procured, 
and remelted, and a portion of the oil which had been 
extracted for chemical purposes should be added to 
the melted pitch. After the naphtha has been taken 
out of gas-tar there remains a residue, out of which an 
oil — commonly called creosote oil,, although proper 
■ creosote is distilled from wood-tai' — is exti'acted, and 
is used with melted pitch to bring it back in some 
degree to a state of tar. The boiler or pan in which 
the pitch is melted should be fitted with a tap, tlirough 
which the liquid contents may \ie iiTwa. "^V'^,-'^^!^- 
into the boiler 1 gallon of the cifto?iQ\.& o^'wi "V '^■«'^- "^ j 
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pitcli ; boil them ; add more oil, up to IJ or 2 gallons 
to the cwt. of pitch, as required. Draw off a small 

quantity into cold water from time to time and try ita 
stiffiiess by dipping a straw or stick into it, and make 
it so that it will barely run down the stick ; or touch 
it with the finger, and if, on slowly withdrawing the 
finger, it adheres and follows it in a string, it is of 
the proper consistency. Boil well and mix thoroughly. 
Ijet the foundation upon which the asphalte is to be laid 
be free from dirt. If gravel be the material used let it 
be first dried, and then pass it through a screen of 
IJ-in. mesh, then through another of f-in. mesh, and 
tlien take out the sand through ^-inch mesh; the 
coarse stufi' to be laid in the bottom. Engine cinders 
are a good material. Pass them through a 2-in. 
screen ; break the coarse lumps for the bottom ; screen 
tlie middle stuff again for the top tlu'ough J-in. mesh. 
For footpatlis or yard paving, 1^ to 2-in. is a suffi- 
cient thickness ; for roads, 3 to 8^-in. Roll each coat 
well with a 6 or 7-cwt. roller ; or better, 10 civt. Where 
a number of surfaces about houses are to be paved at 
once, there need be no difficulty in finding the proper 
materials and the workmen to ai)ply tliem. 

The dark appearance of the asphalte can be relieved 
by sprinkling over it the siftings of clean gravel, clean 
and drj- quarry rubbish, the red ashes of engine fur- , 
naces, or, best of all, crushed spar from limestone 
quames. 

Portland cement may be used for the paving of yard 
surfaces, where gravel is plentiful, in the following 
manner ! — 

Let the gi'oimd be removed to a depth of 8J inches. 
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Mix, then, clean coai'se river gravel witli ground hy- 
draulic lime, or cement, in the proportion of 1 of Hme 

I or cement to 6 of gi'avel, and lay this down of a thiek- 
ness of 2 inches. Screened gi-avel is then to he mixed 

I viik Portland cement, in the proportion of 2 of ce- 
ment to 5 of gravel. This ia to be deposited upon 
the previous layer before the lime has had time to 
Bet. The surface of this second layer is to be then 
gi'outed with neat cement until a fail' face is producedi 
with flatting tools. Upon the neat cement clean sharp 
Band is to be spread and beaten into it. The cost of 

' this, where gravel ia pleutifnl, is 2s. 8rf. per square 
yard. 

The quality of the cement should be tested by 

I making a bar of the neat cement an inch square and 
something more than a foot in length, and, giving the 
bai' 1 ft. clear bearing, place a weight of 36 lbs. upon 
the centre of it. This can be done by anyone, any- 
where, while the test by direct pull requires special 
apparatus. 

Paving-bricks make good work, especially the dust 
bricks made in Staffordshii'e, and the burrs miide in 
Shropshire, They should be bedded in cement, with 
which also the joints should be flushed. 

Whatever the paving be constructed with, channel 
bricks should be kid to convey tlie house slops to tlie. 
p gulley or di-ain-trap. 

Sandstone flags, such as are procured abundantly in 
Yorkshire, are perhaps the best paving materials, when 
squared down to a depth of 2 inches on the edges, and 
solidly bedded upon a foundation of clean cinders, 
gravel, or brick rubbish, not less than 4 inches deep. 

I 

' 




COMrOSITION OF SEWAGE. 

' Op the composition of sewage the Eivera PoUution 
Commissioners say, in their Report, dated February, 
1870, " Sewage is a very complex liquid; a large pro- 
portion of its most offensive mattere is, of course, 
human excrement, discharged from water-closets and 
piivies, and also mine thrown down gully-holes ; but, 
mixed with thisj there is the water from kitchens, con- 
taining vegetable, animal, and other refuse, and that 
from wash-houses, containing soap and the animal mat- 
ters from soiled linen. There ia also the di-ainage from 
stables and cow-houses, and that from slaughter- 
houses, containing animal and vegetable offal. In 
cases where privies and cesspools are used instead of 
water-closets, or these are not connected with the 
sewers, tliere is still a large propoiiion of human 
refuse in the form of chamber slops and urine. In 
fact, sewage cannot be looked upon as composed 
solely of human excrement diluted with water, but aa , 
water polluted with a vast variety of matters ; some.* 
held in suspension, some in solution," • 

In December, 1869, Mr. Edward Smith, F.C.S., read' 
a paper before the Torquay Natural Histoiy Society, , 
which he called " The Chemistry of Sewage " and in 
which he estimates the bulk of excreta at 10 cubic feet 
per annum per head of population, and its weight at , 
C30 lbs. The faeces form yh ^ud. the lU'ine -jV of I 
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bulk, or 1 cubic foot froeea and 9 cubic feet urine per 
head per annum. 

" Food is pai-tly assimilated and pai'tly excreted as 
urine and fteces. The urine consists of water holding 
in solution a highly nitrogenised body called urea, as 
well as sulphates and phosphates of soda and potash, 
and common salt. The fiecea consist of those aub- 
Btancea which have not been lUgested, such as dismte- 
grated muscle, bone, or mucus, and those salts wliich 
are insoluble in water, ^■iz., phosphate of lime and 
phosphate of magnesia. The urine yields — by drying 
or evaporation — about 4 per cent, of dry solids, and 
the ffflces jield, by drying, about 25 per cent, of dry 
aohds. Thus, speaking broadly, the mixed excreta 
contain urea, with phosphates and sulphates of soda, 
potash, hme, and magnesia. But the nitrogen of tlie 
urea is readily converted into ammonia, that is, into a 
compound of niti'ogen and hyehogen, the ferment or 
active agent of the change being a peculiar niti'ogenous 
substance always voided with the ui'ine. Therefore 
we may put the available eduets of excreta as am- 
monia, phosphoric acid, snlphuric acid, potash, soda, 
lime, magnesia. The human excreta simply represent 
the ingredients taken from the soil in the shape of 
wheat, potatoes, sheep, or oxen, and these alkaline 
phosphates and sulphates are as essential to the growth 
of vegetables as food is to man." 

In Ki-epp's "Sewage Question" it is stated that 
the average of the estimates of Liebig, Lawes, Hof- 
manu, Witt, Way, Tlmdichum, Boussingault, Stock- 
hardt, Saussure, and others, ia as follows : — 
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P6cd«y. 


1 ,.. 


.num. 


Solids (about l-lOth of hu11<) . 
Koids (about 9-lOths of balk) . 


0'24 lbs. 
1 '95 lbs. 


B7-60 1bs. 
711-75 Iba. 


1-39 eft 
1 1-29 eft. 




2 19 IbB. 


'789 35 lbs. 


12 -68 c. ft. 



The four principally useful ingredients of an average 
individual are said to be — 





Faicea. 


Urine. 


T.,^. 


Ammonia (nitrogen) • 

Potash 


]'i91be. 
2-00 lbs. 
0-25 Ibe. 
10-51 lbs. 


9 -38 lbs, 
2'8011>s. 
1-08 Iba. 
22-49 Iba. 


10-87 Iba. 

1-80 lbs. 

1-33 lbs. 
33 00 lbs. 




14-25 Iba, 


35.75 lbs. 


60-00 Ibi. 



The solid and fluid excrement is thus again di- 
vided : — 





Fiecefl. 


Orina. 














OrfiSMic Bubatances 


12-30 


4-16 


Nitny^'su' 








Phosphoric aciiU 
















Insoluble sUioa 








Oxide of iron 








Lime 








Magnesia 


1 


55 




Gulphuric acid 


4 


27 












Chlonde of sodium 


"" 





t Fhoapboric acid equal to phosphate of lime 



Drine 1 -73 
Fsces 2-30 
Urine O'fiS 
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From Dr. Letheby's " Notes and Chemical Ana- 
lyses/* reprinted from the " Medical Press/* it appears 
that the average proportions of organic and mineral 
matters per gallon of London sewage, taken from ten 
different parts of the city, were as follows : — 



NuMBEB OF Grains of Solid Matter in 70,000 Grains (being 

1 Gallon) of Sewage. 





• • • • 

- 
• • • 

Total 


Oiganic. 


Mineral. 


' Total. 


In solution . 
In suspension . 


15-08 
1706 


40-66 
21-09 


55-74 
88-15 




32 14 


61-75 


93-89 




Leicester Sewage. 






In solution . 
In suspension . 


• • • • 
• * t • 

Total 


18-49 
6-50 


56-51 
13-65 


70-00 
1915 




18-99 


70-16 


89-15 


Tottenham Sewage. 


In solution . 
In suspension . 


• • t • 
• • t • 

Total 


9-49 
14-58 


45 01 
25-46 


54-50 
89-99 




24-02 


70-47 


94-49 



In the Beport of the Boyal Commission on the pol- 
lution of rivers, issued in February, 1870, 21 analyses 
of London sewage are given, the averages of which are 
as follow : — 

Total solid matters in solution, 64*64 in 100,000 
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pai-ts by weight, which would be 45'18 in 70,000— 
45'18 gfflins in a gallon. 



Total 69-50 in 100,000 jorts tj weight, which would he, gef. 
18'B3 organic. J 

29 '72 mineral. I 



In the same table of the Eeport are 29 analyses of • 
the sewage of 16 other places — lai-ge and small towns ' 
— the averages of which are as follow : — 

Total solid matters in solution, 77'74 in 100,000 
parts by weight, which would be 64'42 in 70,000= 
54-42 grains in a gallon. 



1 100,000 parts by weight, which wDnld he, per , 



In the foregoing 16 towns water-closets are in use, 
but by another table of analyses of the sewage of other 
places where water-closets ai'e not iu general use- 
called "midden towns" — it appears, from the same 
Report, that the proportion of solid matter in the 
sewage is quite as great; e.g., 37 samples showed an 
average quantity of solid matters in solution equal to 
82-4 parts in 100,000 parts by weight, or 57-68 in 
70,000-67-68 grains in a gallon. 



J 
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In suspension 21*30 organic matter. 

1 7 'Rl miTiPrftl 



17*81 mineral „ 

Total 39*11 in 100,000 parts by weight, wluch would be, per 
gallon 14*91 organic. 
12*47 mineraL 



Total 27*38 

This is contrary to what one would suppose, but in 
these " midden towns" we know that a drain is or was 
commonly laid between the bottom of the midden and 
the sewer, by which means the fsecal and other matter 
was washed away in wet weather into the sewers, and 
this may account for there being even more soUd 
matter in the sewage of these towns than in that of 
those where middens so drained do not exist. 



§ Xin.— DISPOSAL OF SEWAGE. 

In animal and vegetable life a constant round of 
change is going on. Vegetation feeds upon decom- 
posed vegetable and animal matter, converting sub- 
stances noxious to the life of animals into healthy 
vegetation, when dissolved by water and taken up by 
the rootlets of the plants. 

The same vegetation, after & sufficient gi-owth, is in 
its turn tlie food of animal life, which, in the process 
of its growth, throws oif the refuse to feed vegetation 
again. Of the effete organic matter to be removed 
from the premises of houses, that which is of animal 
origin is destructive to the healthy life of animals, but 
it is the sustenance of the life of plants, and, through 
them, of the animals which feed upon them. To bring 
back the same elements which were poisonous to 
animal life in the form in which they were thrown off 
from it, tliey must undergo the complete transforma- 
tion which passing into vegetable life involves, before 
they are rendered again fit and proper food for ani- 
mals, — the elements, that is to say, not their husks or 
embodiment. 

The process of cleansing sewage is essentially a 
chemical one, either natural-chemical or artificial -che- 
mical. The sewage may be so exposed to the action 
of atmospheiic air tliat the organic matter becomes 
oxidised and clianged into harmlesa substances, which 
B natural-chemical process. 
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Sewage ahould be conveyed to the earth as quickly 
as possible after its deliveiy at the end of a. drain or 
sewer, and should be kept moving, for it is stagnation 
of the sewage which causes a nuisance, and it is pre- 
tisely stagnation which prevents the sewage being 
used profitably. A water-logged soil will gi-ow nothing 
of any value. There must be motion in the sewage, — 
slow, of course, but still, movement. 

The pores of the earth are at all times filled with 
either air or water. When the one is expelled the 
other takes its place. Some part of the organic matter 
of the sewage — that which is already in the proper 
stage of decay to be asaiinilated by vegetation — is at 
once removed in that way ; another part is stored in 
the eaiiJi, awaiting its further stages of decay, while, if 
the quantity be large, and more than these two pro- 
cesses can deal with, the surplus is carried down below 
the top soil, and would run off unpin-ified, but that, by 
laying drains at a suffieient depth, air is allowed to 
penetrate the pores of the earth, which changes the 
decajTng organic matter into harmless substances, by 
a process of oxidation. If sewage be allowed to flow 
over a piece of land for a time, and then be shut off 
fi-om that particular piece, it passes down into the 
drains, being followed in its progi-ess through the 
pores by atmospheric air, which become filled there- 
with as they were before the air was expelled by the 
incoming sewage water. It requires a considerable 
time for the exhaustion of the sewage from the pores 
down to the level of the drains, for the exhaustion 
proceeds at a rate less and less e\ei^ VoMX ^SX&'i '^■v>!. 
stoppage of the How. If the sewa.^.e I'so- ow *Ui 'a. -^vfe-i^ 
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of land for 6 or 8 hours, it may require the next 18 or 
10 hoursfor the ground to be renewed with fresh air ; so 
tbnt the whole area should he divided into 3 or 4 areas, 
on to wliioh the sewage should he made to flow in 
turns. This is the method of intermittent filtration, 
and by it a much smaller area of land ia required to 
pmify a given quantity of sewage than is required in 
the ordinary method of irrigation — not more than one- 
tenth fls much ; but there is les3 profit in its use. In 
order to apply sewage to land ivith profit, there should 
he an acre to from 50 to 100 of the contributing popn* i 
lation — more or less according to the nature of the 
land and the crops grown. 

Mr. W. Hope, V.C., who is an authority on the * 
utihsation of Eewa^e by way of ii'rigation, says that ' 
50 pei-aons to an acre are too many, and that a given 
quantity of sewage may be more profitably utilised by 
apportioning an acre to every 20 or 30 persons. Never- 
theless it would seem that in situations where so 
much land as that would require cannot be had, an 
acre to from 50 to 100 persons suffices to cleanse the 

Sewage migation, as ordinarily practised, is a kind 
of intermittent filtration, but instead of tlie pores of 
tlie ground lying exposed to air, as in intermittent 
filtration, for IG or 18 hours, the sewage continues to 
flow over the same area for days together. The piui- 
fying effect of the porous gi'ound over which sewage is 
made to fiow intermittently is proportionate to the 
extent of its pores, or to its cubic capacity, within 
moderate range, so that if the drains are laid at a 
depth of 6 feet below the smface the purifying effect 
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of an acre of ground is equal to that of two acres when 
the drains are only half that depth. Drains are 
equally necessary whetlier the sewage be used by way 
of irrigation or by way of intermittent filtration, hut in 
the fonner case the effect is dependent rather upon the 
extent of surface than the depth of drained gi-ound. 
Different kinds of soil affect the cleansing of sewage 
differently. A clayey soil seems to possess the requi- 
site properties in a greater degree than others : but if 
the land be a stiff retentive clay it is so dense, of itself, 
that a larger area is required, while sand of itself has 
no puiifjTng properties other than those which porosity 
gives it. A mixed soil, of clay, sand, and lime, would 
seem to be the best. 

In country places, where houses are situated widely 
apart, the sewage may be taken separately from each 
house to the neai'est available piece of land. Where 
houses are near together it is more advantageous to 
lay n common sewer into which the sepai'ate houses 
may be drained. 

The " Automatic Sewage Regulator," recommended 
by Messrs. Bailey Denton and Rogers Field, is the 
means of applying small quantities of sewage to land 
beneficially. Unless sewage comes on to land in snfii- 
eient quantity to cause a smart flow it cannot be dealt 
with properly; it cannot be turned iii the vaiious 
directions required from time to time. The regulator 
stores up iu a tank the dribble of sewage from a 
few houseSj and when the tank is full it is emptied 
automatically through a syphon pipe, and flows 
on to the land in a proper stream while it doea 
flow. Thus each tunkful may be turned ow ta *.■&?} 
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part of the land requiring it, which may afterwards be ' 
allowed to rest and become aerated before other sewage J 
is turned on to it. I 

The chief feature of the automatic sewage regulator ] 
is on anniilftr si*phon, which ia the invention of | 
Mr. Rogers Field) and is made by Messrs. Bowes | 
Scott and Read, of Westminster, in sizes from 4 in. to < 
12 in. diameter of the inner pipe. This may be fixed I 
in a brick tank of any reqiiired dimensions. It is also 
fitted into galvanised ii-on tanks, of sizes holding irom 
60 gallons to 200 gallons. A siinilar invention is that of | 
Jlr. Isaac Shone, made by Mr. J. C. Edwards, of Ruabon. | 
There is another by Messrs. Doidton it Co., of Lambeth. 

For single houses, or for a few togetlier, where there 
are gardens or other cultivated ground, the sewage of 
the houses may bo conveniently disposed of by meana 
of sub -irrigation, that is by means of common draining 
pipes, without sockets, laid upon a prepared bed in 
rows at a depth of a foot below the siu-face. The 
sewage rises through the iJores of the soil and feeds the 
rootlets of the plants, giving an abundant vegetation. 

It is objected to the principle of the system that it 
causes undue evaporation and consequent loss of heat 
from the ground, but if, as experience has proved, 
vegetation does thrive upon it, the other question does 
not seem so veiy important. It is objected also that 
the pipes become in coiu'Se of time stopped up with 
sediment. "Well, they would, after a suiBciently long 
time, but as they are laid at so shallow a depth it ia 
easy to take them up and empty the sediment upon the 
soil, and dig it in, like an'i" Q\.\iev -mB-imre. The 
disposal of sewage is one ot those \,Vi.Yi^% eNio-&\. 'k\;\'5&. 
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It la certain there will bo clifferencea of opinion, and all 
ive can do in practice is to proceed in that way which 
is most suitable to each particular case, and to see that 
what 13 done, is done well ; for, many times, how a 
tiling is done ia of more importance than what it is, 

Where neither surface u-rigation, sub-irrigation, nnr 
intermittent filtration through the ground can be 
adopted, the less efficient method of settling tanks is had 
recourse to. The precipitation of the solid matter ia 
hastened by the addition of some ingredient, as sulphate 
of alumina, which causes the solid particles suspended in 
the sewage to flocculate and fall to the bottom, and to 
increase the rapidity of deposition and prevent ferment- 
ative action, by which a scum would rise to the surface, 
a small quantity of milk of hme is added before the 
sewnge arrives at the tanks where the precipitation is 
to take place. 

A vast number of different things have been tried in 
the precipitation and clarification of sewage in tEuiks, 
which go under the general name of chemicals, but 
some are too expensive, some inefi'ectual in producing 
a complete separation of the liquid and solid compo- 
nents of the sewage, others are destnictive of the 
manurial value of the effluent sewage water, and of 
what little value remains in the sludge precipitated. 
This, at the best, is of but little value, and is difficult 
to get rid of as manure, even at a shilling a load in 
some places, and with the use of one or two of those 
ingi'edients which are effectual as clariflers, even this 
little is destroyed, and farmers will not hs-^ft ^3aa 
stuff upon their knd at all. Tt ia t\ci\. ^AnSss^^ "va i 
use any sncb chemical prepaTatioa, 'V)*'^' bS-''A"£ aNisS^- * 
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aeptiration as can be had with those precipitanta which 
do not destroy raaniirial value, to pass the effluent 
water intermittently thi'ough land, or through artificial 
filter beds, according to the magnitude and position of 
the volume of sewage to be dealt with. I 

Sometimes hme alone is used, that is, quicklime re- 
duced to powder, either by grinding or slacking, and 
mixed with water in such quantity as to produce a 
liquid "milk," which flows into a tank where the lime 
and the sewage are intimately mixed by machinery, 
having either a revolving or an oscillating motion. 
After this mixing the sewage flows into the larger 
tanks where precipitation takes place. The use of 
lime alone, in quantity about a ton to each million i 
gallons of sewage, is tolerated where the river into 
which the effluent water runs, is not a clear stream, or 
a fishing river, as those running through manufac- 
turing towns, but it is only tolerable on this account. 

Moreover it does not remove the coloiu: given to the 
sewage by dye water or tan liquor, especially the latter. 
Nothing seems to do this but such an ingredient as is 
destnictive to the last extent of any manurial value re- 
maining in the sludge. The sludge, whatever be the 
precipitant used, is the difficulty of the tank system, 
and, taken altogether, this system is one only to be 
adopted when no other is possible. 

There are two chief ways of using the tanks, one in- 

which the sewage flows through a series of them, one 

after another, and issues from the last one, usually 

over a fixed weir. In this way the mud is deposited 

mostly in those into -which it fes^ litt-ECfc?,, wid but 

slightly in the farther onea. 1\i6 s^nts?, ^jI 'v,iis&^<s 
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this system form indeed but one long tank 'with cross 
walla. Experience has shewn that when the sewage 
flows over the cross walls, from one tank into the next, 
and so on to the end, the top of each cross wall being 
successively a little lower than the preceding one, a 
distinct current is formed on and near the surface 
through the tanks, and that the sewage flows off 
without fnUy depositing its load of mud. To obviate 
this, large openings are made in the bottom of alternate 
cross walls, wide enough to allow the quantity of 
sewage to pass with a velocity not exceetlmg 2 or 3 in. 
per second, and high enough to allow a clear waterway 
over the mud deposited. 

The other way is to use the tanks separately, filling 
each with sewage and shutting it off from each in suc- 
cession, whereby it comes to rest, and tlie water is 
drawn off from the top downwards either by a floating 
weir, or by a vertical pipe formed in sections or linga 
to stand upon one another, a section being raised from 
time to time as the water sinks ; tlie floating weir, how- 
ever, falls of itself with the sinking of the water, 

Legal ami other processes. — It has sometimes oc- 
curred that the distinction between those works 
which the Sanitary Authority are to do, as the 
public body, and those which owners of private 
property are to do at tlieir own expense, has not 
been at once perceived. We propose, therefore, to 
point out a few of the sanitai-y laws and customs. 
There are two main divisions of the subject; (1) that 
which embraces what the Sanitary AuthoritY exa Vi ^, 
find (2) that which private ipersoiis ft-ie. Vn &.0- '^>iSNS. j 
latter, ngain, is subdivided into tVat -*i\iv.t?Q, 'Cna o^^^Kt 
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is to do, and tha.1 wMcli is to be dune by tbe occupier. 
The occupier, as a rule, is to remove all nuisances 
whieli ai'e not caused by the want of structural conve- 
niances on tbe pi'eiuises ; tbe owner is to do all struc- 
tural work necessary to enable tbe occupier to keep the 
premises in proper sanitary condition; and the Sani- 
tEiry Authority are to do the rest. But, in general, it is 
necessary that the Sanitary Authority should do their 
pait of the work first, in order that the owners of 
propei'ty may be enabled to do tJieh- pai't, even as it is 
in many cases necessary that owners sboiold do tlieir 
pai't before the occupiers can do theirs ; as, for in- 
stance, when the niusance arises from the want of a 
house -cbiun, a sewer is first requu'ed i,Tith which it 
may be connected. It is stated in section 15 of tbe 
Act that "Every local authority shall keep in repair 
all sewers belonfjiiig to them, and shall cause to be 
made such sewers as may he necessary for effectually ■ 
drainuig their district for tbe purposes of this Act." 
And in order to do this they may lay any sewer in any 
public road or street or other ground now occupied as 
a road or street, or which is intended to be given up 
for that purpose ; and if it is necessaiy to lay a sewer 
through private land within the distiict in order the 
better to complete the system of sewerage, it may be so 
laid after giving reasonable notice in wntiug to tlie 
owner or occupier of the intention to do so (the land 
and all damages being, of course, paid for). And, 
further, if it is necessary in order to procure a proper 
outfall for the sewage, or for its distribution^ that a 
sewei- be laid beyond the distvict boxmdBjy, it may be 
so laid by giving three moiit'Ua' uotidft o^'CfttjSsv'i^-a'CwTx, 
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by adrertiaemeDt in one at least of the local news- 
papei's. The notice is to contain all such pai'ticulai's 
of the intended work as may be Bufficieut for the 
understanding of the intention by every person inte- 
rested, and it is to state where a jJan of tlie intended 
work may be seen. 

When land is required for the pui-poaes of the Act I 

it is taken either by agi'eement or under the powera of j 
the Lands Clauses Consolidation Acts; but before i 
X>utting in force any of the powei-a of these Acts the 
local authority are to pubhsh in a local newspaper 
once at least in each of three consecutive weeks in 
November an advertisement describing the natm-e of 
the works for wliich the land is requhed, and stating 
liow much is reqnii'ed, and where a plan iriny be seen ; 
and ai'e foi-ther to serve a notice m the month of 
December on the owner and leasee and occupier of the 
land, and requiring an answer whether tlie person 
assents, dissents, or is neuter in respect of taking the 
land requu-e<l. The local authority then furnishes the 
infonnation to the Local Government Board, and asks ' 

that they be allowed to put in force the Lands Clauses 
ConsoUdation Acts, whereupon the Local Government 
Board will direct a local inquuy to be made as to tlie 
propriety of making a provisional order in the matter, 
and if the goverament engineer who holds the inquiiy 
approve of the plan the provisional order may he 
made, and the local authority are to serve a copy of it 
on the owner, lessee, and occupier of the land pro- 
posed to be taken. 

As to serving the notices in.tiie-m.oiv'iJciacS."^o'^«a&''«. 
and December as above-mentioiaei, ^«^ ■ms:^\ia ■sKt'^'*'^ 
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in September anfl October, or in October and Novem- 
ber, provided tliat in either of these cases an inquiry 
prehminary to the provisional order shall not be held 
until the expu'ation of one month from the last day of 
the second of the two months in which the notices are 
given. 

When it is desu'ed to borrow the money for perma- 
nent works from the Public Works Loan Commis- 
sioners and to spread the repayment over a term of 
years, an engineering inspector of the Local Govern- 
ment Board usually holds a local inquiry into the 
merits of the proposed works, at which inquiry all 
pai-ties interested may be heard, either for or against 
the proposal, and he reports for or against the request 
to the Local Government Boai'd. Certain forms are 
furnished by the Board to he filled up by the engi- 
neer acting for tlie local authority, describing the 
nature and extent of the works and the estimate in 
detail, togetlier with other particulars. At such an 
inquiry it is very desii^able to have at hand every 
detail, both of the intended construction of the works 
and the estimated cost, the nature of the gi'ound, and 
BO on. The estimate is the chief thing to be inquired 
into, no doubt, and of course this cannot be accurately 
made out until both plans and sections are made, as 
well as detailed di'awings, even though they be made 
out only in the rough ; but it is certainly better on 
all hands (if time wiU allow of it, whieli it sometimes 
will not) that the plans should be wholly completed 
before the inquiry takes place, and not only so, but 
that duplicate plans and Bections should be furnished. 
A civil engineer of muc'h ex'iieYVeTice V's. w\;V "wa ■Gliosis. 
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little of these formalities, and to rely upon the merits 
of his plan even though they may be unseen, but it is 
better not to trust to this. 

By the 23rcl section of the Act, " Where any house 
within the district of a local authoi-ity is without a 
drain sufficient for effectual drainage, the local autho- 
rity shall by wiitten notice require the owner or occu- 
pier of such house, within a reasonable time therein I 
specified, to make a covered drain or drains emptying I 
into any sewer which the local authority are entitled | 
to use, and which is not more than 100 feet fi-om the ' 
Bits of such house ; " aud goes on to say that if there I 
is no sewer within 100 feet, then that the drain is to 
empty into a covered cesspool or other place. 

Here, it may be observed, there seems to be some 
contradiction between this and the 94tli clause, which ■' 
has a provision that where the nuisance arises from 
the want or defective construction of any structural , 
convenience, notice is to be sei-ved on the owner ; and, i 
in general, the owner is to lay the drain and do all ' 
other constructive work within the cui'tilage of his own 
premises. ' 

If the notice is not complied with the local authority I 
may, after the expiration of the time specified in the 
notice, do the work and i-eeover the expenses from the 
owner. 

The execution of the sewers is usually let by con- i 
tract, as a whole, and the private drainage work is some- 
times done by each owner of property employing whom 
he likes to do the work, and sometimes it is done by the 
Bame contractor who does the sewerage work, at *. 
schedule of prices agreed iigoTi -^^erv'Si'xiA-^ . "^"^ "^^qr. 
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latter method the owners of property have a guarantee 
that the prices are fair and equitable, without being, 
on the one hand, so small that the work cannot be 
properly done for them, or, on the other, exorbitant. 
By the former method the persons employed do not 
always know what the work is worth, beforehand, not 
being much accustomed to the kind of work, and if 
they are asked to say beforehand what they will do 
the work for they are more likely to over-estimate than 
to under-estimate the cost of it, and in that case the 
owner of the property suflfers a loss, but it sometimes 
happens that he who is to do the work under-estimates 
its worth, and when that is so he either loses money or 
his efforts to recoup himself lead to bad work being 
done. Nevertheless there are advantages in employing 
local men to do the private drainage work, for they 
thus become, under proper supervision, educated to 
the kind of work required. 
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PART IIL 
WATER-SUPPLY. 

§ XIV.— QUANTITY, 

A WATER supply is usually reckoned in point of 
quantity on the number of gallons per head of the 
population per day. At this rate the quantity actually 
supplied to towns varies from twenty in some to forty 
in others, in the majority of cases, and of these most 
incline towards the smaller number. There are ex- 
ceptional cases where the supply is greater than the 
higher number, and others where it is smaller than the 
lesser number, but in most cases the quantity is 
between twenty and forty, and the average of all is 
probably not far from twenty-five. These differences 
in the requirements of different places seem to be 
attributable for the most part to the condition of the 
distributing pipes and the house-fittings. Where 
these are of bad construction the quantity o£ ^^1<«- 
unavoidably wasted is very gteat, ^Ti&. ^^ *Okv^ qjc^^ics^w^ 
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is reckoned upon that supplied rather than upon that 
nsed, the waste is included, and swells the amount to 
sometliing beyoud all reasonable limits when the 
quantities actually used for the sepai-ate pui'poses of a 
household are reckoned u]). 

But besides this cause of difference, resulting from 
the condition of the distributing" pipes and house- 
Attings, there is a difference in tlie requirements 
between a purely agricultural district and a mining 
and manufacturing district. In the formei' a smaller 
quantity of water is required for personal washing, 
and especially for clotlies- washing, and less also is 
required for the general cleanliness of houses in an 
atmosphere free fi'om smoke and dnst, than when the 
air is loaded with both ; and according to the present 
constitution of rural saiiitaiy districts many places are 
included iu tliem iu which a large quantity of water is 
requu'ed for these purposes. 

It is not BO much the question how little can people 
do with, or what quantity they use wlien they have to 
fetch it from long distances, but — what quantity they 
legitimately use when the houses and premises, and 
the clothes and persons of households, enjoy a con- 
dition of cleanliness. 

The actual quantity used varies m an inverse ratio 
with the quantity of dirt about a household. 

Where the water-supply is deficient, experience 
proves that neither persons, clothes, nor houses are 
kept ill a state of cleanliness, and where circumstances 
mal:e personal cleanliness impossible there must surely 
be misery. When a workjiian, whose occupation is a 
dirty one, comes home> ii lie «o^i\«)i "gVu^i^ W^ia ^ub^r 
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and get tlie dirt off liim he wotild be set up for the 
evening, nnd be more inclined to stay at home than he 
is where nil is dirt around him. 

One must consider that there are two kinds of dirt : 
the one mineral, and inofl'ensive ; the other is refuse 

I organic matter. We do not feel defiled by contact 
ivitli tlie one, but contact with tlie other is abhorrent, 
[ and there ought to be in every household a sufficient 
quantity of water to wash it off frequently. Those 
who suffer the dirt which is caused by tlie perspiration 
of the body to linger underneath the clotlies, out of 
sight, ai'e essentially du'ty. We cannot all be rich, 
. but we can all he clean. I 

I The whole daily quantity of a water-supply is i 

[ divided ijito tliree portions, viz., (1) for domestic use, 
' (2) for public sanitary pm'poses, (3) for trades' pur- 
poses. The first two are everjTvhere required, and 
may be taken together as follows, where the dis- 
ti'ibuting pipes and house-fittings are of good con- 
L struetion and tlieh' condition properly attended to. 
I AVhere the occupation of the bidk of the people is 
not a du'ty one, fifteen gallons per head of the popula- 
I tion per day, Where the occupation of the bulk of 
the people is a dirty one, as in a mining and manu- 
facturing distiict, twenty gallons per head per day. 
For trades' purposes the quantity vai-ies gi'eatly in 
different places. In some it is fialf as much as the 
I quantity used for domestic and public sanitary 
I purposes together, hut it so comjiletely depends upon 
' the necessities of the locality that nothing definite can 
be stated for it. Whatever it may be in any locality it 
is to be added to the quantitvea ©.'se'Q ^iQiOTfe. "^isv, j 



r 






■ 184 SANITAnT tvouk, 

trades' purposes, water is mostly supplied by meter and 
charged at a price per thousand gallons. Supposing 
the quantity required for trades' pui-poses to be oue- 
thii'd of the quantity required for domestic and public 
sanitiuy pm'poses together, the total quantity would 
he fi'om twenty gallons to twenty-seven gallons per 
head of tlie population per day, accordingly as the 
occupation of the bulk of the people is not, or is, a dirtj 
one. And these would be the quantities where the 
house-fittings are of good consti'uction and where 
proper precautions are taken to prevent waste. They 
are far less than tlie actual quantities supjdied in many 
towns, but the siutjIus is wasted. The late Mr. James 
Simpson supplied to the Royal Commission on "Water 
Supply a list of fifteen towns in which the average 
quantity is 21 gallons for domestic piu-poses, and 
22;^ gallons for all ptu-poaes ; and Mr. Satemau 
supplied a list of eight or ten towns in which the 
average domestic supply is 25^ gallons, and the total 
supply 30^ gallons per head per day. In these 
averages the quantity taken for other than domestic 
purposes is about one-fifth of the domestic supply; 
hut it is to be remembered that the quantity set down 
as for domestic purposes is not a measured quantity, 
hut is the result of deducting the trade supplies fii-om 
the total known supply, and therefore includes the 
waste, which, in some towns where the house fitldngs 
are of old construction, is very great ; and when waste 
prevented the fixed quantity required for trades' 
purposes bears a greater ratio to the domestic supply. 
Examples of Charges. — Tlie charge for the do- 
mestic supply is about, on an average, five per 
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cent, on the ratenlile value of the bouse, or one 
shilling ill the pound ; but it varies, both in cUf- 
erent ijlaees and with the rental. The scale gene- 
rally begins with houses not exceeding £4 a year, 
which are charged at the rate of Id. a week, or 
4s. 4.d. per annum, and follows on neai-ly at tlie rate of 
one shilling in tlie pound, reducing, however, as the 
rent advances, so that a £30 house is perhaps charged 
at 479., a £75 house at 7O3., and a £100 house at 90s. 
Of course the original cost of the works influences 
the scale a little more or less, but the figui'es above are 
not unusual ones. [ 

For trades' pui'poses water is supplied either by 
meter or by a scale of charges. There are some 
trades in which the quantity is not great enough to be 
metered. The price per 1,000 gallons is reduced with 
the increase in the quantity taken, and rapidly so 
where the water is supphed by gravitation. 

For instance, the Manchester scale is, for a quarterly 
consumption not exceeding 6,000 gallons, 2s. per 
1000. If the quantity be 10,000, it is Is. lO^d.; if 
20,000, ls.9d.: 50,000, Is. 7^d.; 100,000, Is. S^rf.; 
150,000, Is. 2d. ; and so on until when the large quan- 
tity of 500,000 gallons per quarter is taken the charge 
is lOd.; for a million gallons, 7^d., and 3 millions less 
than Gd. per 1000 gallons, 

Then there are annual chaj'ges by scale, such as 

£5 per annum for a brickmaker's stool. 

10s. ,, for a smithy fire. 

21s. ,, for a slaughter-house. 

2I3, ,, for a warehouse, 

48, „ for each cow, 



[large 
i less 

i 
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is. „ for eacli hoi-se (jH-ivate). 

7*. ti >. at livery stables. 

3s. ,, for n 2-wLeeI cmiiage. 

5s. „ for a 4-wlieel carringe. 

(vl. „ per head iii mniiufae tones. 

Private baths are included in the cliai'ges for do- 
mestic purposes — as, indeed, would seem to be reason- 
able in all cases. 

The domestic and public sanitary rate in Alaiichester 
is arranged in a way which has been since followed 
elsewhere. Instead of levj-iiig tlie whole amount re- 
qub'ed (1b. in the £} on house property, the rate is 
divided thus : 9d. in the £ on houses, which is called 
the domestic rate, and 3(?. in the £ on all rateable 
propei'ty alike, including mills, manufactories, &c. It 
is evident tliat a supply of water, always under pressure 
in the sti'eet mains, day and niglit, is of value to pro- 
l)erty in general, as well as to dwelling-houses, and the 
proportion fixed upon at Manchester was Sd. for 
public and Qd. for domestic purposes ; but the pro- 
portion is subject to vai-iation ; in Liveiiiool tlie pubhc 
rate is Qd. and the domestic rate only 4|((. 

The Leek scale for trades' pui'poses, other than those 
charged by meter, is as follows, per annum, 

Bai'ber's shop, using wash-hand basin . 5 
Building brick walla (per cubic yard. Id.) 
Building a house, one year's water-rate 
Builders'andwheehvidghts' shops, per bench 4 
Coopers and wood -turners, per person 

employed 4 

Ciiri'iers, per person emjiloyed . ..16 
(7ow8, each 



3 





4 





2 





2 





2 





1 


6 





4 


2 








1 


2 
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Horses, each • . . • . . 
Carriages used for hire, each . 
Ditto not used for hire . . . . 

Drug shops, per person employed 
Blacksmith's shops, per heaiiih . . . 
Printing oflBces, j)er person employed 
Plumbers, painters, and paper-hangers, 
per person employed . . . . 
Silk twisters, per gate .... 
Slacking lune, per cwt. • . . . 
Surgeries, per person practising 
Water-closets in mills, workshops, and 

public buildings, each . . . . 10 
Hotels, inns, and public-houses (having 
stables), 30 per cent on the domestic 
rate. 
Eating-houses, 20 per cent, ditto. 
"Warehouses, lock-up shops, and oflBces, 
frpm 15 to 80 per cent, of the rate 
charged on dwelling-houses of equal 
value. 
By meter the charge varies from Is. M. per 1000 
gallons for a consumption of 5000 gallons per quarter, 
to 1«. per 1000 for 10,000, 9d. per 1000 for 20,000, 
l\d. for 40,000, 6d. for 100,000, down to 5^^. for 
200,000 gallons per quarter. 

In the Stockport scale brewers are charged as fol- 
lows, on the quantity of malt brewed per annum, 
For any quantity not exceeding 50 loads . ;£1 10 
Above 50 loads, and not exceeding 100 loads 2 10 
„ 100 „ „ Uft ,, '^ ^ ^ 
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Above 150 loads nud not exceeding 200 loads 3 17 6 
,. 400 „ „ 500 „ 5 19 9 

.. 900 „ „ 1000 „ 8 4 9 

>, 1400 „ „ 1500 „ 

X'ote, a load — 6 buslielH. 

At Norwich the charge for "domestic" puiiioses, 
wliifli does not, however, include a bath in a house, 
which one would suppose to be one of the most neces- 
sary of domestic purposes, is 4s, id, a year *hen the 
rent (not the rateable value) is less than £5 a year. 
"\Vlien tliat is as much as £5 and is less than ^£100, 
the charge is 5 per cent, on the rental, or Is. in the £, 
When the rent {i.e., the net rent at which the house 
would let to a tenant from year to year) is £100 c 
upwai-ds, the chai-ge is 4 J per cent, on the rental. The 
chai-ges for other uses than those charged by meter 
are as follow, per annum : — 

Greenhouses, id. per square yard of site. 

Gardens attached to houses, and included in the 
tent, 28. for every 10 rods. 

Gardensnot attached to houses, 2s.8i/.foreveryl0rod8. 

One horse, 6s., and each additional one, 4s. 

Each 4-wheel cai'riage, 6s. 

Each 2-wheeI carriage, is. 

Street watering. Id. per square yard watered once a 
day, or 2d. when watered twice a day, 

For special protection against fire, and not to be 
used for any other purpose, 8a. loi o^« Q-geoing, and 
2s. for each additional one. 
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The house-service pipes are to be of lead, unless 
otherwise agreed upon, and are not to be of less tlian 
the following weights, namely, 

f -inch pipe 5 lbs. per yard. 

i „ 7 lbs. 

f „ 9 lbs. 

i „ 11 lbs. 

1 „ 16 lbs. 

li „ 22J lbs. 
These pipes are heavier than those in some other 
places, as, e.g., at Yarmouth. 



99 
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XV.— QUALITY. 



But it is necessary to consider the quality equally 
with the quantity of a Water-supj)!;' for general use, in 
respect of its hardness; and without going into any 
medical question of whether hard water is injurious 
for dietetic purposes, I think it will he found upon 
inquiry into the best testimony on this subject that, 
for general use, a Water-supply should not be of a hard 
character. 

I separate the characters of water in this respect by 
sa3'ing that water of not more than 6 degi'ees of hard- 
jiess, by Dr. Thomas Clark's scale, is soft water, 
and that 15 degrees of the same scale indicates hard 
water. 

The Chemical Commission, appointed by Govern- 
ment to investigate the qnabties of various waters, 
reported that "it may be usefiil to distinguish the 
quality known as the 'hardness' of water according as 
it is of a temporary or permanent character. Perfectly 
pure or soft water, when exposed to contact with chalk 
(carbonate of lime) is capable of dissolving only a very 
nunute quantity of that substance; one gallon of watei-, 
in weight equal to 70,000 grains, taking up no more 
than 2 gi'ains of carbonate of lime. This earthy im- 
pregnation is said to give the water two degrees of hai'd- 
ness. But waters are often found containing a much 
larger quantity of carbonate of ILme, such as 12, 16, 
or even 20 grains and upwards iaViiei i^»i\.oii. \a.wM2tt 
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cases the true solvent of the cnrbonate of lime, or at 
least of the excess above two gi-ains, is carbonic aeitl 
gas, Avhicli is found to some extent in all natural 
waters. But this gas ma}- be driven off by boiling the 
water, and the whole carbonate of hme then precipitates 
in consequence, or falls out of the water, with the ex- 
ception of the two gi'ains which are held in aohition by 
the water itself. The gas-dissolved carbonate of hmc 
gives therefore temporary hai'dness, curable by boiling 
the water," 

" Other salts of lime, such as sulphate of lime, are 
generally dissolved in water without the inteiTention 
of carbonic acid gas, and tlierefore remain in solution, 
although the water is boiled, impai-ting liarduess." 

The Commissionera also say, "In the washing of 
the person the sa^dng of soap by the use of soft water 
is most obvious. For baths, soft water is most agi^ee- 
nble and beneficial, and might contribute gi'eatly to 
their more general use. Its superior efficiency to 
hard water in washing flooi-s and walls is calculated 
also to promote a greater cleanliness in the dwellings 
of all classes, botli within doors and externally ; whilo 
in the occasional domestic washing of Ihicn the smaller 
preparation necessaiy for wasliing in soft, as compared 
with hard water, the saving of soap which would then 
be sensible to its full extent, and the more easy and 
agi'eeable natm"e of the operation, would make a supply 
of soft water in a high degree desii'able." 

The Royal Commission on '\\'ater- Supply, who re- 
poi-ted in 1869, took evidence on the question whether 
hard or soft water is to be pi:eiei."cei*t lot ^ ^eaax^ 
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Dr. Edmimd A. Parkea, in answer to the question 
(No. 3126), "Would 16 or 20 degrees of hardness be 
prejudicial ?" says "I thinlc that that degi-ee of hai-d- 
ness would be certainly prejudicial. I think that very 
probably it might disagree with a great many people ; 
but supposing it reached to 8 or 10, or 12 degi'ees of 
hardness from carbonate of lime, 'it might be consi- 
dered probably good water hs far as that was con- 
cerned, but I should draw a marked distinction 
between that and the hartlness arising from sulphate 
of lime, or sulphate of magnesia, or chloride of cal- 
cium, which would certainly disagree in much smtdler 
quantities, so that the goodness of water for drinking 
purposes I would estimate according to its pei*mnnent 
Iiardness rather than according to its temporary hard- 
ness." 

Dr. Lyon Playfair says, in answer to question No. 
2646, et seq., that, as a sanitary question, if the water 
is otherwise pure he does not think that mere hardness 
is of much importance as to health, but that it is of 
the gi'eatest importance as regards the economical usa 
of the water ; that less soap would be requii-ed ; that 
cleanliness is promoted by the use of soft water, both 
with regard to personal cleal^liness and washing, and 
that there is considerable economy in the use of soft 
water, compared with hai'd water, in respect of wear 
and teal' of clothes in washmg. Evidence of similar 
import was given by Mr. John Simon, Dr. J. A.- 
Wanklyn, Professor Odhng, Dr. W. A. Miller, and 
Dr. Angus Smith. 




§ XVI.— SOURCES OF SUPPLY. 

Brooks and small streams in valleys are uot desi- 
rable sources of water supply ; the quantity of organic 
matter they contain, in comparison with the quantity 
of water flowing in them, is greater than that con- 
tained in the water of other sources- 
Other sources are, (1) Rivers, (2) Springs, (3) Moor- 
liind tracts of ground, where the rain-water falling upon 
them, and running off in small and rapid streams, is 
caught in reservoii's at a high elevation ; and (4) Deep 
wells. 

As to rivere, running water contams free oxygen, 
absorbed from the atmosphere, and the more so where 
it has a quick motion over a rough bed, which causes 
its surface to be broken up, and exposes a gi-eater 
number of particles of water to the atmosphere than 
where the motion is slower, over a smoother bed. 
Organic matter in a state of decay, which I have else- 
where called " effete organic matter," is, as it were, 
seized upon by the oxygen in the water and chemically 
changed into harmless substances, after the action has 
continued for a sufficient length of time. 

It is a matter of common observation that the dis- 
coloration of rivers by the polluting matters poured 
into them fi-om populous places gradually fatles away, 
and that at some considerable niunber of miles below, 
if no other pollution takes place on the way, the water 
clear, and in some cases q_uite &t to driok-, ko.&.'^ 
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the water of rivers could flow far enough away from 
one town before it were taken for the supply of the 
next one, the organic impurities would probably be- 
come wholly changed into harmless substances; the 
difficulty is to ascertain in what distance or in what 
time this effect takes place ; either distance or time 
will Taiy with the relative quantities of polluting mat- 
ter and of water, and there is nothing but supposition 
to go by in estimating at what distance from the pollu- 
ting source water may safely be taken for domestic 
use lower down the river. It cannot very well be 
proved that they arc wi-ong who advocate a river 
source for a supply of water, even when it is well 
known that the water is daiJj- contaminated higher up 
the stream. The strongest ai'gument in support of 
Buch a source is found in the want of proof that the 
water is injurious to the health of those who constantly 
drink it. This is but negative evidence in its favour, 
and even this is only true in some cases, as, for in- 
stance, in the Thames at Hampton, from which source 
a great part of London is supphed, although it is well 
known that the sewage of some considerable towns is 
pom'ed into the river above that point. 

On the other hand, as to the disappearance of colour 
by long- continued flow, it is proved positively that 
water may bo quite bright and yet contain matter in 
solution which disqualifies it for domestic use. 

Springs are more copious, and constant in their 
flow, from some of the geological formations than from 
others. From the chalk, the oohte, the new red 
sandstone (Bunter division), and the millstone grit, 
springs ai'e more copious and constant tlian from other 
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formations, except the mountniii limestone, which has 
many fissures and caverns ; and some of thn spiings 
from this formation yield large quantities of water 
perennially, varying but httle thi'ougliout tlie year, 
while others, though tolerably constant during years 
of average rainfall, almost cease to flow after a long 
drought. This seems to be owing to the compara- 
tively small extent of ground upon which the rain falls, 
combined with its great porosity; while the ground 
from which the more perennial springs issue is of 
greater extent and comparatively of more general 
compactness. 

The late Mr. Beardmore estimated that the water 
which falls upon the chalk district of the river Lea 
holds out for at least sixteen months. 

Some springs from the oolite are reported to be 
nearly constant the year round, otliers varying aboat 
80 per cent, as between the average and the minimum 
flow. I gauged daily during the years 1860 and 1861 
several springs which issue from the millstone giit at 
Upperhulme, near Leek, with the following results : — 
During the year 1860 the average daily quantity was 
856,266 gallons, and the least quantity on any day was 
305,453 gallons. During the year 1861 the average 
daily quantity was 333,716 gallons, and the least 
quantity on any day was 258,600 gallons. Other 
springs have been proved to be equally or moi'e con- 
stant in the new red sandstone, but in the mountain 
limestone they are more variable — perhaps because of 
the fissures being more open. The original chief 
source of the Bristol water supply was some copious 
springs issuing 
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dip, which ran for a long time at the rate of two mil- 
lion gallons a day, but about ten years aftenvards these 
and otlier springs from which the supply was deriTed 
fell off considerably ; resuming their fuU flow again, 
however, afterwards. 

Below any level at which the water could issue in 
springs the absorbent rocks hold water as in a basin, 
and it may be procured by sinking a well. When the 
ground through which a well is sunk is jioroua from 
the top downwards, the quantity of water met with 
increases with the depth of the well, but in some situa- 
tions the water-bearing stratum is overlaid with 
strata of an impervious nature, which keep down the 
water, underpressure. In sinking a well in such a 
situation but little water is met with after the surface 
or top water has been passed tlirough, and this, when 
of bad quality, is usually stopped out by a water-tight 
lining. But when the depth to the water is great it is 
not necessary to sink a well all the way to it ; after 
sinking to a sufficient depth to form a lodge for the 
water, and afford room to fix the pumps, the remainder 
may be bored. When the water is reached it bursts 
up suddenly and fills the well. The first great under- 
taking of this kind was at Grenelle, in the province of 
Artois, in France, where a bore hole was made down 
to the lower greensnnd, imder tlie chalk, to a depth of 
about 1,800 feet, when the water suddenly rose through 
the bore hole, and was forced up many feet above the 
surface. Since this successful attempt to procure 
water in tliis way the name Artesian has been given to 
such a well, from ArteamiQ, \.\i& KanSttA -OLWove of 
Artois. Tlie blow-weUa m fee, Yo-wA-s'vw^ -s^ssf* 
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of Lincoliislih-e act in the same way, although 
on a smaller scale ; the overlying clay being bored 
through to the chalk beneath. In all such cases 
the water which is thus procured must first have 
fallen upon ground much higher than the site of the 
well, and upon the outcrop of the absorbent stratum 
pierced by the boring, through the fissures of which it 
descends and accumulates under the chiy or other 
retentive strata of which the low-lying gi-ound consists. 
A well sunk through the clay into the chalk at King- 
ston, in Surrey, threw water up to the sui-face, being a 
true Artesian well. Its temperatui'e was, however, 
too high for the purpose for which the well was sunk. 
The strata passed through were as follow ; — 

11 ft. clay and gravel. 
2 ,, gravel. 

245 ,, blue clay. 

57 ,, clay of various colours. 

4 ,, marl. 

i ,, vein of sand. 

9 ,, marl. 

^ ,, vein of sand. 

6 ,, mai'I. 

12 „ dark sand. 
25 „ light coloured sand. 
99 „ chalk, with flints. 

470 ft. 

The following is a short deam^lVoTi ol wa feii\assa.-a. 
well to be sunk in the same locality '. — -"^ ^^ ^"'^^ ^ 



r 



198 SAXITABY WORK. 

hole to be sunk to an estimated depth of 500 ft. Two 
6-ft. lengths of cast-iron cylinders, 7 ft- diameter, b 
stop back the top water. Shaft lined with 9-in. 
brickwork, 6 ft, clear diameter, to be continued to a 
depth of 200 ft Cast-iron bore-pipe, 12 in. diameter, 
with turned joints, to commence here and go down to 
the chalk, reducing the size only when necessary. 
The pmnps to be at a depth of 80 or 90 feet below the 
level to which the water may rise. Estimated cost, 
;£1,850. 

Figure 47 illustrates such a weU. 




L 



The publishers have \evy kindly offered me the 
use of a wood-cut from Mr. Hughes's book on Water 
Works, which shows, better than anything I could 
give, how it is that, when an impervious stratum of 
clay is sunk or bored through, water is found, and 
rises towards the surface, having its origin, in this 
case, in tlie rain falling upon the high grotmd about 
Tring on the one side and Knocliholt on the other. 
The following are Mr. Hughes's own words : — 



; not shown I 
L this chalk 1 
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chalk. The firestone and chalk marl are 
in the section, because it is believed in 
basin the water penetrates thi'ough both of these, and 
is really not stopped till it reaches the gault. In the 
south downs, however, it is otherwise, for there Lydden 
Spout, and other copious springs are thrown out by 
the chalk marl, e is the gi'eat mass of chalk 800 or 
1000 feet in thickness. The tertiary or Thanet sands, 
resting on the chalk, ai'e marked c, and the impervious 
mass of London clay is marked d. The level of high 
water mark in the Thames is represented by the hori- 
zontal line a b, and the presumed line of saturation or 
height to which the water from the chalk will rise at 
any point between London and Tring, is represented 
by the inclined Une c d, drawn from the top of the 
gault below Tring to tide level in the Thames at 
Lewisham, where the chalk is exposed in the basin of 
the Thames. It will be obseiwed that in this section 
I have not shown the beds in one continuous uninter- 
rupted basin-shaped arrangement, but intersected by 
two faults, marked No. 1 and No. 2. The fault No. 1, 
which brings down the London clay d to the level of, 
and in contact with the chalk, is clearly exhibited on 
the North Kent and London and Brighton KaUwaya, 
both of which it intersects at New Cross, in a north- 
east and south-westerly direction. It has been well 
described by the late Mr. De la Gondamine, in a paper 
read before the Geological Society of London, in June, 
1850.* With respect to the fault No. 2, although not 
exposed at the sm'face, we have good evidence of its 
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existence from well sections. Thus, the depth to the 
chalk below Trinity high water mark at Gray's Inn 
Lane, the Hampstead Road, Tottenham Court Road, 
and the Regent's Park, varies from 80 to 100 feet ; 
while at Trafalgar Square, Wandsworth, and Chelsea, 
the depth varies from 250 to more than 300 feet, 
which shows either a fault or a very great curvature of 
the strata. Mi'. Prestwich believes that this fault or 
axis of elevation, whichever it be, passes along the 
valley of the Thames, in an east and west du-eution. 
It is clear that this fault as well a3 the one at Lewis- 
ham, No. 2, would be intersected by the line of our 
section. The main drainage of the chalk formation is 
not so much interfered with by these faults as might 
be supposed at first sight. The line c d shows the 
height to which the chalk is probably saturated with 
water, according to the views first promulgated by Mr. 
Clutterbuck, and afterwards corroborated by the Dean 
of AVestminstei" and other eminent geologists. The 
drainage of the chalk will still take place at d, not- 
withstanding the faults, because the communication 
between the separate masses of chalk is still uninter- 
rupted, the fault being probably not filled up with 
impermeable clay and made into a puddle dyke, as 
happens in some districts. According to the views of 
Mr. Clutterbuck, the water will rise in wells between 
Tring and London, to the level of c d, and he has 
found by measm'ements of numerous wells inteime- 
diate between the two places, that the water stands at, 
or nearly at this height. It will be observed that the 
ground at Watford hes below the line of saturation c d, 
and this accounts for the numeroas springs which 
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break out in the meadows tJiere, and for the feet, that 
every excavation, made only a few feet in depth, is 
immediately filled with water. Again, it will be ob- 
served, that a part of the London clay district, eloae to 
the metropolis, lies below the hne of saturation. This 
is precisely tlie condition under which artesian wells 
may be expected to yield a stream of water that will 
overflow the surface. On boring down through the 
London clay, d, to the clialk on either side of the fault 
No. 2, we coni^ to water which is acted on by the 
pressure from Tring or Knockholt as the case may be, 
and which, as soon as the boring is effected, rushes up 
through it and rises above the surface, namely, to the 
the line c cl. This is the explanation of many over- 
flowing artesian wells in tlie neighboui-hood of Fulhara, 
Brentford, and other places in the valley of the 
Thames." 

Common wells, though they may be deep, depend 
for their water upon the area immediately surrounding 
them, the rainwater falling upon which sinks down- 
wai'ds and laterally towards the bottom of the 
well, and the quantity procurable may be likened to 
the contents of a cone, the base of which is the area 
round tlie well, and its apex the bottom of the well, 
the contents being renewed from time to time as the 
rain falls. The extent of this area, or base of the 
inverted cone, is the gi-eater the more porous the 
ground is, for any given depth of well, for there ia in 
every kind of gi-ound a minimum horizontality which 
the water can assume, under any given degree of ex- 
haustion by pumping, its percolation to the well being 
hindered by the deuMty oi th.e gtoMivi \lnxQ^i'^ 'vhich 
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it pasaea, and the greater the density the ateeper the 
incline assumed by the sides of the water cone. In 
practice these theoretical deductions are interfered with 
by the existence of faults, filled more or less with im- 
permeable material. It is said that at one of the wells 
at Liverpool, 210 ft, deep, in the new red sandstone, the 
shallow wells ai'ound were affected by the pumping to 
a distance of If miles from the shaft. 

A well sunk in the new red sandstone at Wolver- 
hampton j-ielded but little water, being within a quarter 
of a mile of a great fault, limiting the extent of surface 
on that side to that distance. 

Good water is obtained from uncultivated tracts of 
moorland. It is obtained by storing in reservoirs that 
which flows directly ofl' the surface, and that which 
sinks into the gi-ound and issues in spiings within the 
watershed area. Knowing the quantity of water re- 
quired, the area from which it ia to be collected may 
be determined according to the amount of rainfall of 
the locahty. It is necessary, in order to do this with 
something like precision, to obtain the register of the 
rainfall for a number of years. If the rainfall has not 
been gauged within the particular area, the water from 
which is to be appropriated, it ia necessary that the 
position of the area on which the gauges may have 
been fixed, be one in which similar meteorological oc- 
curences take place habitually ; as, for instance, at a 
eimilar height above the sea-level ; exposed to similai' 
currents of air ; sheltered by hills in similar relative posi- 
tions and of similar height, or that both situations should 
be equally unsheltered. The best "^ow.Xi.'iTi.'i.'ii^vi.t.'iiSt- 
gaage is in an open piece oi grovui^, utA -&a'KC^va'o»^'^ 
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coiu'se that where the rocks are the hardest, and the 
declivities are the gi'eatest, so that the water comes 
down in floods. If we take 12 inches as the mean 
between those extremes, it will leave the net available 
produce of these distiicta " (speaking of the Welsh 
hiUs fi-om wliich he proposed to take water). This 
loss is taken fi'om returns of actual gaugings in Tftrioua 
places. He says, "In Manchester we have actuaUy 
collected and measiu'ed in reservoirs S3 in the ave- 
rage of two or three dry j'ears. Out of a rainfall of 
45f inches we have actually collected and discharged 
33 inches." This would be a losa of 12J inches in the 
year. 

The late Mr. Thomas Duncan gave evidence before 
this Commission. He was the acting engineer of the 
Liverpool Water Works for many years, and had very 
good means of ascertaining by gauges the actual quan- 
tity of water collected and used out of the total 
quantity that fell. Five-sixths of the gi"ound from 
which the gravitation supply is derived, consists of 
moor and sheep pasture, covered with heather, and 
some portion of it is mossy, the geological formation 
being chiefly millstone grit. A very small portion of 
it was ploughed, not one-fiftieth part ; the whole area 
of the gathering ground being about 10,000 acres. 
With reference to the loss by evaporation and other- 
wise, the question is put to the witness, and referring 
to some tables he had di^awn out, " You do not appear 
to have had a loss in any one year of as much as IS 
inches. That is to say, in 18G1 the rainfall was 46'3 
inches, and then, taking the quantity j'ou realise, 
which is 35'77 inches, that ia a^^W'j usiAki VI innhea. 
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If you take the next year as 48'51 against 40'08, that 
is a loss of 8 inches. In the next year it is Sl'Ol 
against 40"72, that is under 11 inches again. In the 
next yeai' it is 39'035 against 27'85, and in the next 
year it ia 34"80 against 23'95, making a loss of 11^ 
inches. Therefore, whatever your rainfall he, whether 
it he large or small, the actual loss would seem to he 
very nearly the same ? " A. " The amount of evapo- 
ration and absoqition does not varyraueli." 

Jlr. Hawkaley has stated (Minutes of Proceedings, 
Inst. C. E., vol. 31) that the loss varies in these 
islands "from 10 inches per annum as a minimum to 
18 inches as a maximum. The minimum occuired 
very rai'ely — indeed, only in the case of bare precipi- 
tous mountains, consisting of non-absorhent rock, such 
as slate or granitic rock. From that surface all the 
rain that fell could be gathered, with the exception of 
about 10 inches. But the case was veiy different 
■where the surface was covered with soil and peat, 
where it became flat moorland on the siunmit, and 
more so where the land was cultivated and thrown into 
the chai-acter of a sponge. In general, however, with 
mountain watersheds, where the intermediate condition 
existed, the actual ascertained loss amounted to from 
13 inches to 15 inches per annum, according to the 
situation and some local circumstances, and might be 
taken at a mean of about 14 inches per annum." 

Supposmgthe situation to be one where this average 
loss of 14 in. in depth would occui', it ia to be deducted 
from the 30 in. representing the mean nnnuiU depth of 
three dry years, as above, leaving 10 in. in depth over 
the whole drainage area, ■wHcU te^'CfcaeaSa 'Caa a.<*jsa!^ 
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quantity of water to be dealt with, being 363,000 
gallons in a j-ear from every acre of drainage area, or 
very nenrly 1,000 gallons per day per acre, and if 20 
gallons per head of population per day he allowed 
there would be requu-ed an acre of collecting ground 
for every fifty people, or for every ten houses (there 
being, on an average, about five inhabitants to a 
house). Thus, if the population to be supplied be 
10,000, the daily quantity of water required would be 
200,000 gallons, aud tlte area of collecting gronnd 
200 acres, if the rain-fall be 36 inches. 

Where, as above stated, the whole of the available 
quantity of water due to a given area may be taken for 
the supply of a population, it wUl in general be neces- 
sary to afford water -compensation to the streams and 
mills out of a separate reservoir ; but in some cases 
water- compensation is given out of the same reservoir 
fi'om which the supply to the population is derived, 
in which case the watershed area must be one-half 
greater than that above stated. 

The next step would be to find a suitable site for the 
construction of a reservoir into which the water falling 
upon the drainage area would flow, and the nest step 
would be to determine the size of the reservoir — the 
quantity of water it should hold. AVe know that 
many storage reservoirs have failed to contain a 
sufficient quantity of water to last tlirough a long 
drought at the rate of dehvery out of them which had 
been calculated upon as the daily supply. 

In the first place, averages of many years' rainfall 
have been taken without deduction for the excessive 
floods wJiicli cannot be atoTei Va Tftft«t\(Mft (A 
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practicable size, and a certain propoi'tion of the 
average has heen deducted for loss by evaporation and 
absoi-ption, without regard to the absolute quantity of 
that average. Thus, when the average annual rainfall 
has been ascertained to be, say, 45 in. in one place 
and SO in another, one-third, or some other pro- 
portionate pai't has been deducted for loss, and the 
remainder set down as the available quantity, giving in 
the first of these assumed cases 30 in. available and in 
the other 20 ; and it ia quite pogsible that by accident 
both these might be the ti'ue quantities available in 
certain situations, if the precaution were taken to 
deduct excessive floods which swell the average beyond 
a point that can be dealt with in any reservoir that 
could be practicably constructed ; but experience has 
shown that the loss by evaporation and absorption 
does not bear any fixed ratio to the rainfall, or to its 
average amount, and that it is almost a constant quantity 
in any year in the same place, whether it be a wet year 
or a dry one. These two sources of error ai'e avoided 
by fii'st deducting one-sixth, or thereabouts, from the 
yearly average, and then deducting an absolute depth, 
being that due to the loss by evaporation or absorp- 
tion, the result being a quantity wliich may fairly be 
relied upon. The depth of rainfall to be deducted for 
loss cannot be directly ascertained ; from a water 
surfacetheevaporationisabout 30in, in depth in ayear, 
but from the surface of a collecting ground it cannot 
be directly measm'ed. The way in which it is ascer- 
tained is by the indirect metliod of deducting the 
known quantity coEeeted irom tine V'QCi^'ix c^iasilwX-^ 
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. resulting from a certain depth of rainfall on a k 
area of groiuid, the difference being the loss. 

But another source of error has heen to i 
estimate the length of time droughts may continue in 
certain Bituatious, and not suf&ciently taking into I 
account the number of days on which rain falls in aa; I 
given period (as a yeai"), wMeh varies veiy much ii 
different places ; for the fewer wet days there are in i 
given time the greater number of days' supply should 1 
the reservoir hold, whatever be the annual rain^l, and 
consequent daily regulated supply. 

Large storage reservoirs, such as those now under 
consideration, are usually made by consU-ucting an 
embankment across a valley, and making use of the 
hollow thus formed by nature to hold the quantity of 
water desii'ed. The best site for a reservoir, therefore, 
is one where (1) a bank can be made under or by which 
water cannot pass, when dammed up to a considerable 
height ; (2) where the ground has sufficient stability, 
not only in itself in its natural state, but aftenvaids 
when it may be more or less penetrated by the water 
penned up, so that no slip may occm-; (3) where a, 
wide and compai'atively level expanse of ground exists 
below which the sides of the valley approach each 
other so that a short bank, and one not too high, may 
impound a large quantity of water ; if the first re- 
qukement exists the fourth will be secured, viz., that 
there should be a sufficient quantity of retentive 
material to form a core, or trench and wall, of water' 
tight mateiial, such as clay. 




§ XVn.— GAUGING WATER. 

The quantity of water supplied by a pump may ba 
measured by tbe capacity of the working barrel aud 
the speed, deducting fi'om the quantity so found 
about 10 per cent, for leakage of valves aud othi?r 
losses : and water is sometimes measiu-ed in a simi- 
lai'ly mechanical manner by meters ; but when the 
water flows, or can be made to flow, from a pond, over 
a weir, or thi'ougb a notch in a plank or ii'on gauge, 
the quantity may be ascertained in the following 
marmer, provided the thickness of the sill over which 
the water falls be properly regarded, and providing tbe 
weir or gauge be truly level, and that proper pre- 
cautions be taken to prevent the water passing under it 
or past the ends. 

The velocity with which water falls over such a 
baiTier follows the same general law which affects other 
heavy bodies falling freely, — tliat is the force of 
gravity. A heavy body falls IG'OSft. in the first 
second of time after its descent from a state of rest, 
and acquires at the end of that time a velocity of 
S2-16ft. per second, which is called the force of 
gravity, and is represented by tbe letter g. The 
formula is V = V 2 ;y H, when V — the velocity in feet 
per second; g — the force of gi'avity, = 32"16; and 
H = the height in feet. Therefore V — \/QH^~R = 
8-02 VH. 

In the case of a weir or a'n.Qte\s.-\iQKtft.'OQa\>.'£v^&-"'^ 
is Bjraonymoua with the de'^t'Vx oi -sftSist. "i^^^* S»ki^>>^ 
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to be calculated upon is not that immediately oTer tb 
sill of the weir, but is the whole height from the sill to 
the level of the water above the weir where it is out of 
the inflaence of the cuiTent. When water approaches 
A weir, or notch-board, the siii-face is drawn down fa 
some feet up-stream, being influenced by the drau^t 
of water through the passage, and in measuring the 
depth it is necesaary to take it at some point out of the 
influence of the current. 

It has been stated above that the velocity with 
which water falls over a weir is as the square root of 
the depth, and when the whole depth is taken ths 
velocity due to it ia that of the lowermost filaments or 
threads (as it were) of the sheet of water flowing over. 
These are pressed outwards by a force which is that of 
the whole head of water, from the sill up to the level 
of still water, and did they issue from an orifice at that 
depth would spout out much faiilier than they can do 
with the superincumbent sheet of water upon them, 
The uppermost filaments have no velocity which is due 
to the pressure of a head of water, and the velocity 
which they do acquii-e is caused by those below slipping 
horizontally from under them and letting them down 
gradually from the bottom upwards, causing a de- 
pression over the sill, which gives an inclination to the 
surface of the water for some few feet above the weir 
or notch-board, 

This inclination of the surface is diEFerently pro- 
duced from that of a river in train, and is due to the 
loose end of the stream, wliereby the loweimost par- 
ticles escape faster than those above them, the whole 
number becoming amBigeiaatei mX^ ons ^Xse'wa, 
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takes a direction due to tltat filament which is at the 
depth due to the mean velocity of the whole stream. 
The velocity of the fluid threads at eveiy part of the 
depth being as the square roots of theii- depths below 
the surface, the mean velocity of them all is necessarily 
I of that of the lowermost, and the whole sheet of 
water assumes the curve which that filament would do 
which is at the depth to which the mean velocity is 
due, if it could issue alone. The point in the depth 
at which the mean velocity of the whole takes place is 
at the depth of 4 of the whole depth, and the mean 
velocity is that due to \/ -^d— ^ \/d, which is, when 
the constant multipHer is interposed, § of 8'02 -J^— 
5'35 s/ d, which is the true expression of the mean 
velocity of all the filaments of water passing through 
the notch, or over the weir; and were there no ob- 
struction to the flow the quantity discharged would be 
found by multiplying this velocity into the depth and 
into the length of the weir ; but by no form of con- 
struction can the actual discharge reach this theo- 
retical discharge, because, first, the theory assumes 
the falling body to fall in vacuo, whereas in practice it 
falls through the air, and although atmospheric air at 
a barometric pressure of SO inches of mercury is of a 
density only about the -s-ry part of that of water, yet 
r it offers some small resistance ; and, moreover, while 

the theory takes no account of friction against the j 

bottom or sides of the notch or weir, or of the diver- ' 

' gence of the particles of the stream passing through i 

I the openmg, the actual discharge is diminished by 
these influences also. The moTft ^ym^^. 'viwa ts^e?iis>% 
the greater aro the dlatnrWiices o\ "Ona ^w«. '^^^^ 
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were treating of hydi-aulics in general we should 
how, by the fippliance of wing-bowds above the weir, 
or, in the case of orifices wholly below the surface, t^ 
adjutages below the opening, the discharge is increased 
to almost the whole quantity indicated by theory, bul 
thoae are not the circumstances under which water is 
gauged in ordinary practice. 

In calculating the quantity discharged the depth 
enters twice into consideration. In the first place it is 
an element of the sectional area of the stream, and in 
the second of the velocity. The sectional area is as the 
depth, and the velocity as the square root of the depth. 
The cubic quantity discharged is therefore as d \/^or 
as \/~d^. If the quantity be taken in cubic feet per 
second per foot in length of the weir it is 5'35 ^/^ 
by the theory of falling bodies, the depth being 
measured in feet ; and if it be taken in cubic feet per 
minute it is 321 y^ per foot in length of the weir, 
But it is more convenient to measure the depth in 
inches, in which case the constant 321 must be divided 
by the square root of the cube of 12, or v' 17SJ8 = 

41'67, and ,,--== = 7*72, the constant of the theoretical 
' 41'57 

quantity per foot in length of wen.- when the depth is 
measured in inches and the quantity in cubic feet per 
minute. If we put I — the length of the weir in feet, I 
this quantity would be 7'72 I \/~d^. 

But practice has proved that not only is the actual I 
discharge less than that of theory under every con- 
dition of a weir, but that the constant multipUer varies 
with both the length and the de\itlv. By measuring 
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various conditions of depth of water, length of weir, 
and thickness of lip, and dividing these quantities by 
the ai-eas of the openings, certain coefficients have 
been found which bear the same relation to unity 
which the quantities discharged bear to the theoretical 
quantities, under the same conditions of length and 
depth. 

Various observers have found the coefficient to be 
from about '58 to about "68, and if we take the mean 
of all to be "623 the theoretical constant 7*72 would 
be reduced to 4"81, so that if we put Q — the quantity 
discharged in cubic feet per minute, d — the depth of 
water in inch es, a nd I = the length of the weir in feet. 

By this formula it is assumed that the quantity is 
proportionate to the length, but it is not exactly so, 
for the shorter the weii-, compared with the width of 
the stream and witli the depth of water flowing over 
it, the gi'eater should be the proportionate diminution 
of discharge due to the contraction of the two ends of 
the weir ; and Mr. Francis, in the foi-mula resulting 
from his expeiiments at Lowell, U. S., makes a cor- 
rection for this. His formula is Q — 200 (l — 01 n d) 
\/d^, d being taken in feet, but if we take d in inches, 
and divide the constant 200 by the squai-e root of the 
cube of 12, Q, = 4-81 (i— -00833 n d) \/d^, ti being 
the number of end contractions. 

The effect of the end contractions in the case of a 
weir with one opening five feet long, and a depth of 
water of six inches, is to reduce the quantity dis- 
charged by about seven cubic feet ipe"cisiisoi!i»\ "iccaa, 
4-81 l\/l^ = 4-61 X 6 X 14-7 ^^5^ 'i^v\i^^ l^^- ^SRS. 



316 SANITARY WOEK. 



"1 

= 4-81(5- 
minute, or 



minute, and 4-81 {I — -00833 n d) -/d*": 

■00833 X 2 X G) X 14-7 - 346 cnbic feet per minute, 

by about 2 per cent, in this case. 

Except tboae of Mr. Francis, the most importasl 
experiments on a large scale which have been made cm 
the flow of water over weirs were made by Mr. 
Blackwell, on the Kennett and Avon canal, in 1850. 
These were made from a perfectly still head, the area 
of the pond from which the water flowed being upwards 
of two acres in extent. 

These experiments were upwards of 200 in ntunber, 
and were made with weii-s of three feet, six feet, and 
ten feet in length ; with thin ii-on plates ; with planks 
two inches thick ; and with broad-crested weirs, re- 
sembling ordinary weirs on rivers, the width of crest 
in the experiments being three feet. The coefficients 
were found to vary with the depth of water and also 
with the length of weir, and with the thickness of tha 

lip. 

The following is an analysis of those experiments of 
Mr. Blackwell which, in point of dimensions, coma 
most under the conditions of ordinaiy practice; — ^I 
mean, of course, which, within the scope of the experi- 
ments, are most proportionate to the dimensions of 
ordinary stream gauges. The gaugings of exceptional 
depths with certain lengths are most valuable, as re- 
lated in full by Mr. Blackwell in his paper contributed '^r 
to the Institution of Civil Engineers, but I have been 
content to adduce the results withm a depth of nine 
inches ; also not to include the exi>eriments on weirs i 
with wing-walls, and those Tfta.d& -wvttv short ^sHe- 
created weirs* 
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The general formula ia Q = cl \/<i', ia which Q 
i' ^ the quantity of water discharged per minute ; 
r d — the depth in inches from the surface of still water 
ri to the lip of the weir ; I ~ the lengtli of the notch in 
I feet, and c ~ a. constant multipher found by experiment 
R to equilibrate the terms Q and I sJdK This constant, 
f c, is found by measuring in a tank the quantity of 
li water wliich falls in a certain time from a notch of a 
It cei-tain length with a certain depth of water flowing 
j* over it; each one of these items being a subject of 
' measurement. The constant, c, is therefore anived 
at independently of the relation between the theoretical 
■ result and the practical result. But masmuch as the 
conditions under which experiments are made must 
be limited, while those of practice are unlimited, it is 
very useful to compare the actual dischai'ge under 
'■ given conilitiona with that which is due to the theory 
under the same conditions, and this is best explained 
' by dividing the constant multiplier, found by experi- 
ment to be necessary, in each of the given conditions, 
by the constant multipher of the theory. The result 
is the coefficient, which bears the same relation to 
unity as the actual discharge bears to that of theoiy. 
In the following table it is the result of dividing the 
actual constant in each case by 772, the theoretical 
constant, when the quantity is taken in cubic feet per 
minute, tlie depth in inches, and the length in feet. 
5-17 . 
7-72' 

and all depths over notches in thin plates, k^iero:^'*. 
are not aliva^s to be relied upon, \)m\, "A isis:^ "^^^ '^'^^ 
serred that the combination ot a\V \eu^!&a -^"^ '^ 
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whicli point the cross sectional area of the body of tlie 
water is only about two-thirds of that of the opening. 
The velocity of the central portion of the body of water 
is probably as gioat as the theory indicates, but it is 
retai'ded at the sides by the friction against them, so 
that, besides the contraction of the area of the sti'eam, 
the mean velocity of all its particles is also reduced 
below the theoretical velocity. Combining these two 
effects, the practical' result is to reduce the discharge 
in the i-atio of about 8 to 6. 

In Banks's treatise on mills, a summary of coeffi- 
cients foimd by numerous obsei-vers is given as fol- 
lows : — 

Newton, -707; Bossut, -615; Banks, "750; Miche- 
lottt,"625; Helsham, '705 ; Smeaton, "631 ; the mean 
of which is '672, but it is to be remarked that the ex- 
periments of Bossut and of Michelotti were made on a 
larger scale than the others, and are more to be relied 
upon. 

Experiments by Brindley and Smeaton, with holes 
1 inch square, show the times in which 20 cubic feet 
of water ran out imder different heads to be as 
follow : — 

1 ft. head, 9 minutes 22 seconds. 

2 „ 6 „ 40 „ 

3 „ 5 ,, 20 „ 



From these we deduce the following coefficients, viz, 
■64i, -63, -64, "63, and ■&& Te?,^ec^\NeVs . 
In a report to the Brifet K'asoc,\4i:\sni.,'^&s- C^w^ 
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Eennie gave the results of the observntions of others 
than those above named, as follow: — Venturi, "640; 
Borda, -646; Eytelwein, 'GiO; Hachette, -690; 
Briiidley and Smeaton, "691 ; Reiinie, '621 ; Poncelet 
and Lesbros, "600, "605, and "693; also from other 
csperunents, -611, -618, and -611. The mean of all 
these is '625. 

If thei'e were no obstruction to the flow the quan- 
tity discharged in cubic feet per second would be 
A X 8 \/ft, A being the area of the opening in square 
feet, and /( the head of water, but the combined in- 
fluence of friction and reduction of cross sectional area 
of the sti-eam causes a reduction in the constant to 5, 
in ordinary cases; so that the actual quantity dis- 
charged is A X 5 \/T, through abrupt openings. With 
trained walls and other appliances the dischai'ge would 
approach nearly to that indicated by the theory; Mr, 
Beai'dmore gives the constant 7'5 for such cases. 

The word coefficient is used sometimes to express 
the quantity which I have called the constant, and 
perhaps there can be no liability to eiTor in taking the 
word nidi scrim in ately, although it would seem that the 
two quantities should be differently named. The eon- 
etant is a quantity found by experiment to equiUbrate 
two other quantities which are stated by the theory 
adopted ; but a coefficient I take to be a decimal which 
shows tJie ratio between the theoretical and the nrac- 
tical quantities. 





XVIII.— CONDUITS AND CONDUIT-PIPES. 

If the channel by which water is conveyed he an 
open cutting in the ground, the velocity of the stream 
must be small, as may be seen from what we have said 
(p. 77,) on the effects of scour on vaiious materials, 
and therefore the dimensions of the channel must ba 
proportionately large, and the fall proportiouatelj 
small. A waterworks conduit, however, is usually 
lined with stone or brickwork, or with concrete, in 
order that p greater velocity may be given (the differ- 
ence of level of the two ends usually pennitting it), 
and the dimensions reduced. In this way a sufficient 
velocity is obtained to prevent the surface freezing, 
and to prevent the muddying of the water which would 
take place by mnning witli considerable velocitj' oyer 
ft natural bed. A mean velocity of from 2 ft. to SJ ft. 
per second is not an unusual one in practice. Eytel- 
wein's equation, JJ ^ "9 V ^y^ is appUcable to such a 
channel, in which v = the mean velocity per second, 
7i = the bydrauHc mean depth, / = the fall of the 
conduit in 2 English miles. 

Thus, with a hydi'aulic mean depth of 6 inches, and 
a fall of 6^ ft. per mile, tlie mean velocity would be 
2J ft. per second, for h =^'5 and/^^ 12*5 and u = '9 
V5 X 12-5 ~ 2-25. 

Such a channel might be so formed that the depth of 
water might be 1 ft., the viii& a,l Vsxft ftxrf^.'ie of the 
water 3^ ft., and tlie tii&Ca. 8.\,^^^ctefi^\^ 
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mean width would then be 2 ft., the sectional area 2 
squai-e ft,, and the quantity of water conveyed 4J cubic 
ft. per second, or 270 cubic ft. per miuute. Larger 
channels, in which the hydrauUo mean depth ia greater, 
requb'e propoi-tionately less fall to maintain the same 
velocity; thus, if the hydraulic mean depth be 1 ft., 
and the velocity, as before, 2^ ft. per second, the fall 
would be only half as much as in the other channel, for 

/ — Tgp^j = Tgj^ — 6'25, or SJ ft. per mile. 

Such a channel might have a nidtli at the sui-face 
of the water of G§ ft., at tlie bottom of 1^ ft., and 
a veiiical depth of 2 ft. The mean width would 
then be 4 ft., the sectional area 8 squai'e ft., and the 
quantity of water conveyed would be 18 cubic feet per 
second, or 1,080 cubic feet per minute. (The quantity 
in cubic feet per minute is eonvei'ted into gallons per 
day by multiplj-ing by 9,000.) 

By tbat process the approximate quantity of water 
running in an existing channel may be found, but the 
more usual thing to be determined in a waterworks is 
the sectional area of the conduit from the known 
quantity of water requu-ed to be conveyed with a given 
velocity. In tliis case the iirst consideration is the 
rate of fall which circumstances pennit, so as to deli- 
ver the water at a sufficient elevation above the place 
to be supplied. The highest paii of the district to be 
supplied determines at what elevation the service reser- 

Lvoir should be, and taking that as a datum the rate of 
fall in the several parts of the line o? ftCi-n.A\YA. w^^a "&«& 
soui-ce may be accommodated \,o ^^lfi x&i^iiie^assj^ ^"^ 
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the sevei-al parts of the ground. In some parts 
duit following the contour of the ground may be most 
economically made, while in other parts it may be ne- 
cessary to confine the water in pipes under pressure, 
and in some places a short valley or ravine may be 
crossed by an aqueduct. 

Open channels in the ground, however, which con- 
vey water for domestic use, require to be fenced in, 
and the expense of that is in some cases greater than 
the expense of covering the conduit, when it is of 
small dimensions, Covered conduits are mostly of 
one or the other of two forms : either completely cir- 
cular, or with veiiical sides and ai'ched cover, the bot- 
tom in tliis case being usually formed mtli an inverted 
arch from side to side, unless flagstones are used. 
The choice of one or the other foi-m depends chiefly 
on the local materiais used. The quantity of material 
required is leas in the circular form, but in this case the 
beds of the stones should be dressed or the bricks 
moulded to the radius of the curve, in order to mate 
good work ; and the labour of this costs more than 
the extra materials in the other formj where they are 
abundant. 

To prevent leakage the conduit is sometimes laid in 
puddled clay, from 8 to 12 in. thick, worked with little 
water, up to the middle of the lieight of the conduit, 
or higher; and to prevent the percolation of water 
from the surface, in places where it might be injnrions, 
the puddling is completed over the arch. 

Instead of being backed with puddle the beds and 
joints of the heai-t of the "*,-olls iiva.Y li« tilled with 
asphalte, hydraulic Uxo^^^c^^^^^g^^^ 
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I inner and outer parts of the beds and joints, 
I the following F^ire. 




It is essential to the puiit> and fieshness of the 
water delivered at the lower end of aii^ conduit that 
duiTOg its passage it should take up o\\ gen from tlie 
atmosphere as fast as it gi'ves out that which had been 
previous^ absorbed, and to this end an open channel 
is preferable to a coiered one, but nheie it is neces- 
sary to cover the conduit full provision should be 
made for its ventilation. The number of openings 
forming communication between the interior of the 
conduit and the atmosphere caimot be too many. The 
proper number will depend upon the degi'ee of free- 
dom from organic matter of which the water may 
originally be, but 100 yai-ds would seem to be as far 
apai-t as the ventilating shafts should be in any case ; 
and these, while having each a large area, should be 
protected by a hood from the possibihty of pollution. 

The quantity of water conveyed by either form de- : 

pends upon the same conditions which affect the flow 
of water in open channels, and the conduit must always i 
run somewhat short of fnli-, \ia.\i-Wi\.Sa'0aftM.wi.'«S."«s»3^- 
imum state. Such conduvtx ra.\\s\. VVfci^'i.'a'iei -^xe.w.'ws.*-- 
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As in tlie case of open channels, n good workiiig 
Telocity is from 2 ft, to 2^ ft. jier second in conddt 
pipes also. It may be found by calculation that abonl 
2^- ft. per second is the most economical velocilj 
through pumping mnins, but for mains which couvfy 
water by gi'avitation the case is somewhat different, 
and in these, providing the source is sufficiently high 
above tlie point of delivery to give it, the velocity may 
be 3 ft. per second, or even more, economically, thf 
size of tlie pipe being reduced accordingly. 

It should be observed that it is the ultimate quan- 
tity to be conveyed which should be thus regarded. 
Presently necessary quantities of water are usuaUv 
much exceeded to meet increased requii'ements, and 
this fact, derived from experience, should be duly 
regarded in detei-mining the sizes of pipes and 
conduits. 

If present velocity be made 1| ft. per second it 
allows for a gi-owtb of upwards of 30 per cent, in the 
quantity of water before passing the assumed best 
velocity, and when the quantity shall have increftsed 
60 per cent, more than the original quantity the velo- 
city will be 2J ft. per second, which is about the limit 
of economical working ; although twice as much water 
as may be supplied at first may be diiven through the 
same pipe at a velocity of 3 ft. per second, when suffi- 
cient power is exeited to pump the water ; but it is to 
be observed that the expenditure of power increases 
much more rapidly than in the ratio of the quantities 
of water pumped through the same pipe ; it increases 
as the cube of the quantity, for, converting the power 
expended into the height ■v)\i.\cb. toTEft^-^tmfts-sj^Co.'&a. 
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pressure applied— that is, into the head of watei- — that 
height is proportional to the square of tlie velocity, 
and therefore to the square of tlie quantity through 
any pipe of given diameter, and in respect of the 
power expended in pumping the water to this head it 
ia as the head and the quantity, or as the cube of 
the quantity ; so that tlie power expended in pumping 
water through a pipe at the rate of 3 ft. per second is 
to that expended with a velocity of 2 ft, per second 
as 27 to 8, which is a ratio much gi-eater than that 
between the cost of two pipes which shall deliver the 
same quantity of water in the same time at the rate of 
2 ft, and 3 ft. per second respectively, for the cost of 
two such pipes would only be iu the ratio of about 
11 to 8. 

From Eytelwein's equation already given, as trans- 

^ lated by Dr. Thomas Young, and given in Tredgold's 
Tracts on Hydrauhcs, the diameter (d) may be found 
when the head (h), the length (l), and the velocity {v) 

' ai'e stated ; or the head may be found when the other 
tei-ma are stated ; thus, 



V- 



'2, 500 d h 
_ 



2,500 h 



'" ~ 2,500 d 

All dimensions being taken in feet, and the time per" 
second. 

Or we may find each oi tlnese KattiOts Ssisss,. '^iw*. 
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qoantity of wfiter, for tlie quantity is the product of 
the cross sectional area of the pipe multiplied into the 
velocity, whilst the area is the square of the diameter 
multiplied into "7854. 

If Q repieseut the qaantity of water in cubic feet 
per second, and if I, k, and d be taken as before. 



39-27 d' 



V'-^ 



I 



= 39-27 w'- 

V \39-27y * 

V39-27/ (J' 

If the quantity be taken in cubic feet per minute, 

39-27 X 60 = 2,856, and 

V V2,3o6/ h 






inute, 

4 



Eytelwein's equation has been adopted in calculating 
Table No. 5 in Beai-dniore'a Hydi-aulic Tables. 

M. Prony, a French writer on hydi-aulics, as stated , 
by Ml'. Samuel Hughes in his ti'eatise on water- 
works, derived ii'om the same set of experiments which 
Eytelwein investigated, fifty-one in nmnber, made by 
Du Buat, Bossut, and Couplet, the constant 48'49, i 
instead of 60, as found by Eytelwein. 

Pei'iiaps the foiinula vi\iie\i, gwea xasiX.?. 'm.<:>i%'&Kax)^ 
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agreeing with observed facts mider most ordinary cir- 
eiimstnnces is Du Biiat'a. 

Du Buat's formula, as given by Dr. John Robiaon, 
in Ms "Mechanical Philosophy," Aii. Waterworks, 
is, in English raeastu'es, 

V=??lM=_£:y.-0-3(VJ-0-l, 
Vs -LVs + l'fJ 

"Whcrem V = tlie mean velocity in inches per 
second. 

f( — the hyckaulic mean depth in inches. 

s = the slope or inclination of the sm-face 
of the current, and is tfie length 
divided by the fall. (Thus a fall 
of S ft. per mile is a slope of 1760.) 

L — the hj-perbohe logaiithm of tlie quan- 
tity to which it is prefixed, and is 
had by multiplying the common 
logarithm of that quantity by the 
number 2'3026. 

This formula is also appheablc to pipes running fidl, 
and is very accurate for both pipes and open channels. 

To. facHitate its apphcation in practice Dr. Robison 
has given an extensive table of the logaiitluas of the 
values of 307 (V-^— Ol), of the values of O'S 
( V'i— 0"1) and the logai'ithms of the values of \/~s~ 
L-v/a + l'S, of which the following tables are abridge- 
ments. The range of the hydrauhc mean depth is 
from lin. (4 in. pipe) to 3ft. (large open channel), ami, 
of a slope, fi-om 1 in 240 to 1 in 3,200. 
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Table I. 
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-3 


9 
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•87 
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2-50426 


-31 


9-5 


2-96167 


•89 


1-6 


2-53885 


•34 


10 


2-97319 


•92 


1-7 


2-56769 


•36 


11 


2-99454 


•97 
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2-58112 


-37 


12 


3-01401 


1^01 


2 


2-60580 


•39 


13 


3-03189 


1-05 


2-2 


2-62803 


-41 


14 


3-04843 


1-09 


2-3 


2-63839 


-42 


16 
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113 


2-5 


2-65772 


-45 


16 


3-07820 


1-17 


2-7 


2-67556 


•46 


17 
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1-21 


28 


2-68395 


•47 


18 


3-10441 


1-24 


3 


2-69989 


-49 


19 


3-11644 


1^28 


3-2 


2-71472 


•51 


20 


3-12783 


131 


3-3 


2-72181 


-52 


21 


3-13867 


1-34 


3-5 


2-73531 


-53 


22 


3-14899 


1-38 


37 


2-74805 


-55 


23 


3-15885 


1^41 


38 


2-75417 


-66 


24 


3-16828 


1-44 


4 


2-76589 


-57 


25 


3-17734 


1-47 


4-2 


2-77704 


•59 


26 


3-18601 


1-5 


4-3 


2-78240 


•69 


27 


3-19438 


1-53 


4-6 


2-79277 


•6 


28 


3-20243 


1-56 


4-7 


2*80269 


-62 


29 


3-21020 


1-68 


4-8 


2-80747 


-63 


30 


3-21770 


1-61 


5 


2-81674 


-63 


31 


3-22495 


1-64 


5-5 


2 8-JS40 


-67 


32 


3-23196 


1-67 


6 


2-85812 


-7 


33 


3-23877 


1-69 


6-5 


2-87622 


-73 


34 


3-24537 


1-72 


7 


2-89296 


•76 


35 


3-25176 


1-74 


7-6 


2-90851 


-79 


36 


3-25799 


1-77 


8- 


2-92305 


-82 


37 


3-26404 


1-79 



CONPUITS AND CONDUIT-PIPES. 



283 



Table II. 









«o 






• 




^ 


+ 




o 


• 

r-t 

+ 




*S 




s 


tb> 


8 


tb^ 


• 


to> 




^> 




-31" 




h1 *^ 

1 




'^ 




i 




> 
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1 -10543 
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1-31597 
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1 -42487 


250 


1-11553 


680 


1-32015 


910 


1 -42746 


260 


1-12523 


590 


1-32426 


920 


1-43005 


270 


1-13453 


600 


1-32830 


930 


1-43263 


280 


1 14345 


610 


1-33226 


940 


1-43515 


290 


1-15204 


620 


1-33614 


950 


1-43464 


300 


1-16035 


630 


1-33997 


960 


1-44011 


310 


1 -16838 


640 


1-34373 


970 


1-44254 


320 


1-17612 


650 


1-34743 


980 


1-44498 


330 


1-18363 


660 


1-35108 


990 


1-44737 


340 


1-19092 


670 


1-35468 


1000 


1-44946 - 


350 


1-19803 


680 


1-35823 


1100 


1-47223 


360 


1-20490 


690 


1-36170 


1200 


1-49209 


870 


1-21158 


700 


1-36513 


1300 


1-51148 


380 


1-21806 


710 


1-36851 


1400 


1-52885 


390 


1-22435 


720 


1-37185 


1500 


1-54497 


400 


1-23048 


730 


1-37513 


1600 


1-56014 


410 


1-23647 


740 


1-37839 


1700 


1-57416 


420 


1 -24232 


750 


1-38157 


1800 


1-58747 


430 


1-24805 


760 


1-38471 


1900 


1-60004 


440 


1-25860 


770 


1-38782 


2000 


1-61195 


450 


1-25903 


780 


1 -39089 


2100 


1-62325 


460 


1 -26433 


790 


1-39391 


2200 


1-63403 


470 


1-26951 


800 


1-39690 


2300 


1-64432 


480 


1-27461 


810 


1-39985 


2400 


1-65414 


490 


1-27957 


820 


1-40277 


2500 


1-66358 


500 


1-28445 


830 


1-40564 


2600 


1-67261 


510 


1-28923 


840 


1-40678 


2700 


1-68133 


520 


1-29391 


850 


1-41128 


2800 


1-68971 


530 


1-29861 


860 


1-41408 


2900 


1-69780 


540 


1-30300 


870 


1-41683 


3000 


1-70558 


550 


1-30740 


880 


1-41953 


8100 


1-71713 


560 


1-81172 


890 


1-42220 


3200 


1 -72042 



284 BANTTART WORK. 

In the original tables the range of hydmulic mean 
depths is from -^ inch to 100 inches, and of slopfs 
from 1 in 1 to 1 in 24,000. The extreme numLers, 
however, seldom if ever occur in practice, and the 
Dumbers selected in the foregoing tables will be foimJ 
to embrace moat cases of practice in watei-works. 

It will be useful to compai'e, by example, thia 
fiiiiniila with that of Eytelwein. It makes the velocity 
a little less than Ej-telwein's rule, and is therefore pre- 
ferable, aa erriug, if at all, on the safe side ; while it 
makes some allowance for inequahties in the dii'eetion 
and incUuations of pipes and conduits. 

Example. — Requii-ed the mean velocity of a stream, 
the hydmuhc mean depth of which {d) is 1 ft., and^ts 
inclination (s) 1 in 1,800. 

By Tabic 1, Log. of S07 {V'^-O-l = 3-01401 

By Table 2, Log. of Vs- l.^s + VG- 1-58747 
There remains . . 1'42G54 
which 13 the log. of . . . . 26-70 

From which take, by Table 1, the 
value of 0-3 {\/d- O'l) — . . I'Ol 

Tlicre remains . . 25'69 inches 

=2'14ft. Telocity per second. 

According to Eytelwein'a inile the hydraulic mean 
depth (/() = 1 ; the fall in two miles {J) =■ — , !»>» = 
5"87 ; and the mean velocity per second (v) = '9 
■^hf= -9 -/l X 5-87 = 2-18 ft. 

Example. — Eequii'cd the mean velocity tlirough a 
12 m. pipe, the fall of ■w'Vii.c'b. is \ \a. 5^Q. 
The hydmuhc mean depfti iu ft^e i^^^a^ ^t a. 'i-awis 
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pipe is always ^ of the dmineter, and is in this case, 
therefore, Sin. 

By Table 1, Log. of 807 {\/d- 0-1 - 2'69989 
By Table 2, Log. of ■s/h-'L-^^+TG ~ 1'29851 
There remains . . . 1-40138, 
which is the log. of . . . . 2S-20 
From which take, by Tabic 1, the 

value of 0.3 (sAi- 0-1) - . . 0-49 

There remains . . 2-l'71 inches 

— 2'06 ft. velocity per second. 

According to Eytelwein's rule the diameter [d) = 1 ; 
the head (/t) = 1 ; the length (Q — 530 ; aud the 

mean velocity per second {v) — 50*/— ^ Squai-mg 

, o . , . ,, .. s 2,500 d h 2,500 

both sides or the equation, u"=— ? ^=- — -— 

i 530 

4'717, the square root of which is 2"17 ft., the velocity 
per second. 

But if, as Eytelwein directs, we add the correction 



of which is 2*08 nearly, and this agrees very neai-ly 
with the velocity found by Dit Baat's formula. 

The following ai-e the pai-ts of the Act relating to 
water-works to which we point attention. Under sec. 
54, a local autliority has the same powers for laying 
water-pipes as for kying sewers, which we have already 
described, both within the district and beyond it. 

By sec. 61, any local authority may supply water to 
the local authority of ftu adjoining Ot\a\.YuA, wiA 'vlais.'-fi. 
of much iiiipoj-tnnce, for in some "ra,vB]i.?,wi\^a.v:^ K^sJww^h!. 
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it is verj' iU£Bciilt to finil water of suitable quality luid 
sufficient in quantity, nhile in an adjuining district 
there may be an abundance of good water more tliwi 
the sanitary auUiority of that district require for their 
own popuktion, present and prospective. 

Some people think that the water procurable within 
any watershed area should be reserved for the use of 
the population of that ai'ea alone, but that must b« 
allowed to be a ■liew too strict for the occasion. 

Section 62 is to the effect that where any house is 
without a proper supply of water the local authority 
shall give notice to the owner to obtain a proper suji- 
ply, the occupier paying the water rate authoiised by 
the local Act, if any, or where there is not any locul 
Act in force, then at a cost not exceeding twopence a 
week ; but the Local Government Board may order 
the rate to be more than twopence a week, if the local 
atithorily apply to them, and show that it is not suffi- 
cient in any particular case. 

This question is one of practical difficidty for every 
local authority where water works are not establislieil. 
Take, for instance, a village or small town where one- 
half or two.thii'da of the houses have wells upon the 
premises wliich furnish a supply of water to those 
houses of an indifferently good quality for diinMng 
and culinary purposes, and the rain-water taiiks of 
those houses (after an expenditui'e similar' to tliat 
before stated) furnish a certain quantity of water for 
washing and bathing purposes. Fui'ther, suppose these 
houses to have been built by or to be occupied by the 
pecuniously better sort of the i^eo'ple in. thoae ^arts of 
the town or village where waWv co\iiA \ift Va&-\ji «s^ 
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ing these wells. Now the local authoiity have to meet 
this difficulty^ they find the other half or thu-d part 
of the houses upon gi'ound which yields not even 
indifferently good water, but water which (if any at all 
be found by sinking a shallow well, siich as could be 
paid for by a rate of twopence a week) is not fit to 
think. How shall the local authority proceed ? If 
they order that any given house be furnished with a 
proper supply of water, the owner will do his best to 
meet the order by sinking a well. If the water hap- 
pen to be good, so ; but if not, the local authority will 
have stultified their own position, and wiU have ordered 
to be done to-day what they must order to be undone 
to-moiTow, for if the water ia not good they must put 
in force the 70th section of the Act. 

I have thought it well to give this ^-iew of the case, 
because the difficulty often arises and has caused dis- 
putes in local councils as to tlie inteipretation of the 
62ud section, but it is evident that that section does 
not apply to such a case, but tliat it contemplates that 
a general water supply is at the command of the local 
authority', and that any house may be ordered to be 
supplied from that geneiul source if tlie charge will not 
exceed twopence a week, &c. 

Even if good water could be procured from a shallow 
well sunk on the premises of the house to be supplied, 
the cost would in general be more than twopence a 
week would cover. 

Any usual water rate is one which covers all costs 
and charges of maldng and maintaining the works, and 
the current expenses of the sw^pTpVy •, ^lA S3a& 'u«'a^'«;Kfc, 
a week, or 8s. 8d. per annum, mvL'ji\.\)e, iiomvie,\i6.&. •^'■S*&- 
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ivise coveiing all such costs, charges, anti expenses of tin 
supply ; and a fair rate of interest on the outlay wonld 
be 6i per cent., to cover tlie interest and charges upon 
tlie money expended. The money to be expended, ' 
therefore, must not exceed about £& Ids., or say £7, in i 
order that twopence a week may be an adequate charge 
for the water supply. A well would in most cases coat 
more tlian tliat, 

The Public Henlth (Water) Act, 1878, enacts that it 
is the duty of every rural sanitaiy authority to see that 
every occupied dweUing-honse has, within a reasonable 
distance, an available supply of wholesome water, and 
that where a house has not such a supply, and if it can 
be procui'ed for a sum the interest on which, at the rate 
of 5 per cent, per annum, would not amount to more 
than 2(J. per week, the sanitary authority may call xqton 
the owner of the house to provide the supply. 

The sum of 8s. 8d. a year, or 2d. per week, would 
be 5 per cent, interest on the sum of £8 13s. 4d. If 
the supply cannot be procured for this, but may for a 
simi which 3rf, a week woidd jiay 5 per cent, interest 
upon, that is £13, the sanitary authority may still call 
upon the owner to prociu^e the supply, but they must 
first have the sanction of the Local Government Board, 
who will determine whether it is reasonable or not, 
If the owner of the house fail to comply with the 
requirement of the sanitary authoritj' they may do the 
work themselves — after one month's gi'ace beyond the 
six months' notice which they must give in the first 
instance — and charge three-fourths of the cost upon 
the OH'ner and one-fouvth.«'ponftie oc.ca-^\feY •, ■a.<iV.,V'3*- 
ever, to be paid in one ¥,-u.min e\lVeic ^.■s.'5.e„\iMS." 
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instaliQents as tlie aanitary authority may direct. 
These are called private improvement expenses, and 
ai'S) in the first instance, paid by the occupier, who 
deducts three-fourths of the amount of eacii instalment 
from the rent next becoming due. 

If there are two or more houses requiring a supply 
of water in the same way, that is, if the owners fail to 
comply with the notice given to them to do the work 
within the time specified, the sanitary authority may 
make one work to supply the two or more houses, if 
the expenses will be no gi-eater, and may apportion the 
repajTnent of the expenses as they deem just. But 
these provisions of the Act of 1878 do not relieve the 
authority from the duty imposed upon them by the 
general Act of 1875, of providing their distiict with a 
supply oi water where danger arises to the health of 
the inhabitants from the insufficiency or unwholesome- 
ness of the existing supply, and a general scheme of 
supply is required, and such supply can be got at a 
reasonable cost ; and if an owner of a house, having 
been requii-ed to procure a supply as above mentioned, 
objects on the gi'ound that the authoiity ought them- 
selves to provide a supply of water, or render the ex- 
isting supply wholesome, or that the whole or paii of 
the expense of providing the supply ought to be a 
general charge, he may state his objection to the 
authority, whereupon they ai'e not to proceed with the 
execution of the works without the sanction of the Local 
Government Boai'd, who may, if they think it equitable 
80 to do, apportion the expense of providing the au^^l^ 
between the owner of t\ie \\o\is^ «n^ '<^'& ^■«ss&»«^ 
auUiority. This Act came mVo iQT:'^& ■^■o- *^^ '^'^la-. 
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March, 1879, and nny house built or rebuilt since 
dat« cannot be lawfully occupied, nor can the o 
lawfully pennit it to be occupied, unless the sanit! 
authority has certified that there is provided within 
reasonnble distance a supply of wholesome water avs 
able by the occupier. Any owner who occupies a housal 
or causes or permits it to be occupied witliout such' 
available supply of water, is liable to a penalty. This 
Act lays upon every rui-al sanitary authority the duly 
of ascertaining the condition of the water supply 
witliin then- district. AVater in a well on the premiBH 
of a house, or a public well within a reasonable dia 
tance, may not perhaps strictly be a " supply," but d 
understand it to be included iu that term. Anypei-ffll 
authorised by the authority may, if he has reaaonaUi 
ground for believinf? that a house is without a proj 
supply of water, enter upon the premises and ascertidl 
whether that ia so or not, and whether the supply, i 
any, is within a reasonable distance. AVhere a runi 
sanitary authority have prorided a stand-pipe or stai 
pipes for the supply of water, tliey may recover wati 
i-ates or water-rents from the owner or occupier 
eveiy dwelling house within 200 feet of a stand-pi] 
in the same manner in all respects as if the supply h 
been given on the premises; but if, amongst tli 
number, there be any hoiise which ah'eady has a prop! 
supply, no water-rate or water-rent ia to be chaxga 
upon it unless and until the water of the stand-pipe 
used by the inmates of the house. 

In the previous year, Uiat is in 1877, an Act w 
jmssed with tlie long tit\e "T\\e \ivKn.Vft4. Ci-troKi 
J2ejse/Toirs and Water Supr^ ¥iinV«^T».cv\v'C-«a'a ' 
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the object of wliich ia to facilitate the procuring of a 
supply of water from lauds belonging to owners wlio 
may be willing to let tlie water they possess be used for 
domestic and other purposes by sanitary authorities 
fljid others, but whose means and tenn of interest in 
the estate may be limited so as to prevent them doing 
BO without some legislative facilities such as this Act 
provides. The basis of the Act is that in many places 
it would greatly conduce to the affording of a plentiful 
supply of pure water to tlie inhabitants of villages and 
towns, and to the industrial requirements of the 
locality, if facilities were given to landowners of 
limited interests to charge their estates with sums 
expended by them in constructing reservoirs and other 
works for the supply of water, provided they be of such 
a character as pennanently to increase the value of tlie 
estates, so that the work may be deemed an improve- 
ment within the meaning of the 9th section of The 
Improvement of Land Act, 1864. A landowner 
charging his estate with the cost of the construction of 
reservoirs or other works may enter into an agreement 
for the supply of water to any sanitary authority, for 
the time during which the cost of the improvement is 
made a charge upon the estate, and means are pro- 
vided whereby advances may be made for the purpose 
of executing such works of water supply. 
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Asplialte.-^'ThsK ia foimd in Val de Travera and odier parta 
& limestone which contains asplialtuni or nativo bitumen, and 
■ this, reduced to powder and otlierwise treated, is tlie true as- 
phalte. That which is described in the book niay be called 
home-made i\sphalte. 

Boulders. — Dotaclied pieces of the older roolts, rounded, aa we 
find them and the smaller pebbles on the sea shore. They are 
moatly very hard, and make good road material ; those, at least, 
whith sppear to have been derived from the trap-rocks. 

Concrete. — Broken stone, or gRcvel, and clean sand, mixed with 
any cementing substance, as iime or Portland cement. It ia 
necessary that the material to be cemented together be free from 
diit, for the strength of the concrete depends upon the cohesion 
of the roaterialH, and unless the surfaces of each separate piece of 
material be clean, thecementing substance will not adhere sti'ongly 
!b) them. For various purposes various quantities of cementing 
Bubstance are reijuired to be mixed with given quantities of ma- 
terial, but for any purpose referred to in this book one part of 
cement or of hydraulic lime to four parts of broken stone and one 
part of Bond is sufficient, if well mixed. Concrete should never 
be mixed on the bare ground, but upon a platform. The material 
being spread out, and the due proportion of lime or cement spread 
out upon it, water is to be sprinkled over them from the rose-hend 
of a watering-can, and the whole is then to be turned over and 
returned, again and again, so as to coat every separate piece of 
material with the cementing substance, and the concrete is then 
to be deposited ia place and trimnxed lCTfe\. Taa}.Ss. 'ii.'&^fii.N.'*. 
neceasary when the concrete Ime \)ee"Q."W^ tKiiti.. "^VfciSiaiJfe^ 
ap a stnge for the purpose of Ittting \\ iaW itoro. sj.V'cv^-S.Na.'SfSjsK 
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to coii£otidat« it ie aaehw labour ; bo is ramming', 'unless it t» 
done at the moment whicL occurs between the adherence ot tbe 
cement and ita setting ; at nny othei time tlian this, n 
does more Larm tlian good ; it displaces the cement, 

CemtfU. — Two kinda of cement are in common ii 
&nd Portland. Roman cement is made from the nodular stones 
found in clay at several places, as at the isle of Sheppy and at 
Harwich. It seta quickly. Portland cement is made Iiom a 
nuxture of chalk and clay, and when these are properly propo> 
tioned the cement iiets under watec as well as in the open a' 
If Band be mixed with cement at all it should be clean and ehup 
to the touch, but even with euch sand the stren^h of the cemeLt 
is reduced l>elow that of neat cement, in about the same ratio u 
the quantities of cement and simd bear to each other ; tlins, with 
one of Baud to one of cement, the strength ultimately becomea 
about two-thirds of that of neat cement. With 2 of sand to 1 
of cement, about ^ ; with 3 of saud to 1 of cement, about i ; 
with 4 of sand to 1 of cement, about J of the strength of neat 
cement. But the greater the proportion of sand the longer time 
is required for setting ; with neat cement nearly the fall ultimate 
strength is attained in about a month ; with 2 of sand to I ot 
cement, in about three months ; whUe with a greater proportion 
of sand the setting goes on etiU. more slowly. So that, for the 
work herein referred to, Portland cement should be uaed neat. 

Coal-biT. — This is procurable at any gas-works. Owing to theii 
remoteness from the chemical manufactoriea which distil dim! 
otherwise use coal-tar, or from other causes, coal-tar ia Ia k 
bought very cheap at many gas-works ; say at 2d. or 3d. pet 
gallon. It is one of the waste products of the manufacture of 
gas, which must be got rid of ; but it has a value for tlie pnrposes 
mentioned in this book which is not to be measured by the neca 
sities of demand and supply merely. 

Concentrator. — Made iu glazed earthenware, but may be mode 
in iron, cost, and enamelled internally ; it may also be mode ia 
lead, eitlier cast or milled, but a smoother surface is preferable. 
Wlien the water and soil are discharged into the vertical soil p^ 
tbe cDJicentrator guides them 4oviti flv* i^ricreol 'CotTjc^,ra\A tlie 

KiWes are preser\'ed from contwsl ftieTCTS.fli,KQa.vV<=t<A<st.fc **«■&«. 

ait which jjassea along the aoii ^i^e. 
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ffydratdic time. — TliebcBt Lydraulic lime is made from tUe blue 
lias Leda of atone ; thtise extend in a noith-eo^terly direction from 
Lyme Regis, in Dorsetshire, by Bath, Gloucester, Leicester, Newark, 
and Gainsboiounli, to tlie Humher, and tlience to tlie east coast of 
Yorkshire at Whitby. IlydranHe lime is found also at Aberthaw 
in Glamorganshire, and at Halkin, in Flintshire. It seta under 
v>-a.tet as well as Portland cement. It is called & poor lime in 
contradistinction to others which are caUed rich or fat limea, as 
those which are made &om chalkstone and the mountain lime- 
atone, which, oltliough good for dry work, and for land, will not 
act under water. Its colour is a brownish yellow. It requirea a 
miicli longer time to slake properly with wal«r, and when slaked 
it swells but little in comparison with the fat limea. Instead of 
being alaked in lumps this kind of lime is ground into powder in 
revolving pans under heavy rollers, and used in the manner of 
cement, A part of the Wenlock Limestone is strongly hydmulic. 
It has very much the appearance of the bine lias, and bums of 
nearly the same colour,— rather darker. Neither this nor the 
blue lias will carry much sand. 

Metalling. — As applied to roads, is the top coating of stone, or 
the road proper, and resists the wear and tear of horses' feet, 
being laid upon a bed of stone which is called the foundation of 
the road. The metalling of roads should be of such material as 
resists the wear of traffic, anch as Whinstone, Rowley rag, and 
Clee H'll Dhu stone ; this latter being one of the best kinds of 
stone in England for the metalling of roads. 

Organic moiier.— Matter endowed with life, whether animal or 
vegetable, or, aa it would appear in aome cases, paitaking of the 
two ; aa distinct from mineral matter, which ia devoid of lil'e. 
Natural philosophers cannot exactly detemjine whether cer- 
tain things whiiji are found are animal or vegetable in their 
attributes, for they seem to partuke of the qualities of both ; but 
of living tilings in general, and broadly, there is a marked dis- 
tinction in their qualities, and we call the one animal and the 
other vegetable; but both are organised,— that is, the parts of 
each BXe endowed with the quality of co-opeiating with its otter 
parts in producing structure. When it has attained the limit of 
the power with which it has been eniowai \\. iejai.'itTi^Ta;^^, 
Jf its life be cut ahort before it attama 'iiw.'L\\-nsi.TK. &e.^a:i%*:^^ 
la either case, irhcn its progreaa is a"ct&ft\.e,i \\. ^a'watia. ' 
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earth and is rosolTed into its original elements. This letaming 
stage is called, in the book, effete organic matter. 

PuddUy or paddled clay. — Clay rendered so close and compact 
as to prevent the passage of water through it When clay is dug 
&om the ground, it mostly contains either stones or small vemsd 
sand, and it is to get rid of these that it is worked up, cut, and 
cross cut, with long-bladed spades, and trodden into an imperrioos 
mass. In order to enable tius to be done a certain quantity of 
water is added to the clay. It greatly facilitates the working of 
puddle when time is allowed for the clay to soak up the water 
after being cut and cross cut^ and before being finally worked and 
trodden. 

Wire gauge, — The Birmingham wire manufacturers estaUished 
certain numbers which represent thicknesses, and specify mj 
particular thickness not in parts of an inch but by the api»opiisto 
number. One eighth of an inch thick is No. 11 ; one sixteentll 
of an inch is No. 16 ; one thirty-second part of an inch is 'So, 
22 B. W. Q. The thicknesses of sheet iron are stated in the 
same numbers 
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Stopples of house-drains and sewer pipes . . . . 86 

Btoragb op Eainwateh 51 

Straw as an absorbent for privy cesspits 28 

Sub-irrigation 171 

SwiUtuha Q 



! Tanks for pigaty-liquids 7 

I „ for rain-water 52 

I Taperpipes \.«V 

I Thnrafield, Dr. W. N.j on the veiiti\n,t\oT\o^«sii^vjea - . v&v 

I Trap rock tbe best material £oi 'bioVeu-aVsoa Yiyi4.% ■. - ^i, 

I Tiap^.dinc'reutMadsoS 



L 



J 



254 INDEX. 



; 



PAGE 

Traps to be outside house- walls 106 

Trenches of sewer-pijjes, refilling the 101 

Tub system of removing excrement 29 

Turpentine as a drier for coal tar 20 

Upper-hulme, flow of springs at .195 

V. 

Velocity of sewage 76 

„ surface, mean, and bottom, of streams . . .76 

Ventilation, difliculties of, in small rooms . . . . 39 

„ of house drains and sewers . . . . 128, 120 

W. 

Walls of cesspits to be watertight 16 

" Wash out " closet basins, Woodward's 121 

Wash tank ..... .... 6 

Water from roofs of houses causes dampness of walls when 

not caught 44 

„ lodging on roads 42 

„ plenty, or none at all, to be in contixct with excrement 15 
„ quantity of, from one slope of a house-roof , . . 46 
„ quantity procurable from house-roofa . , • . .51 
„ quantity required in slaughter-houses . ... 10 

Water-closets 118,127 

Water-courses, natural, should not be used as sewers. , .74 

Watershed areas 208 

Water-supply 181 

„ „ Commission 184 

„ „ Facilities Act . . , . . . . 240 
„ „ for rural districts, difficulties of . . . . 66 

Water-traps 119 

Wells, three kinds of 62 

„ Artesian 196 

„ common 202 

„ sunk in the new red sandstone 203 

Whitaker, Mr. W., quotations from Paper on " Geology and 

Consumption," by 96 

Whitewashing . 12, 40 



THE END, 



BRADBURY. AQIJEW. ^ CO.. WWt^t.^. ^mT^TB.\K«^. 



London, July^ 1883. 

% Catal00xi;e 0f ^00Ks 

INCLUDING MANY NEW AND STANDARD WORKS IN 

ENGINEERING, ARCHITECTURE, AGRICULTURE, 

MATHEMATICS, MECHANICS, SCIENCE, ETC. 



PUBLISHED BY 



CROSBY LOGKWOOD & CO., 

7, STATIONERS'-HALL COURT, LUDGATE HILL, E.C. 



ENGINEERING, SURVEYING, ETC. 

f 

Humbet^s Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, A.-M. Inst. 
C.E., and M. Inst. M.£. Illustrated ivith 50 Double Plates, 
I Single Plate, Coloured Frontispiece, and upwards of 250 Wood- 
cuts, and containing 400 pages of Text. Imp. 4to, 6/. 6j. elegantly 
and substantially half- bound in morocco. 



List 0/ Contents : — 



I. Historical Sketch of some of the 
means that have been adopted for the 
Supply of Water to Cities and Towns.— 
II. Water and the Foreign Matter usually 
associated with it. — III. Rainfall and 
Evaporation. — IV. Springs and the water- 
bearing formaUons of various districts. — 
V. Measurement and Estimation of the 
Flow of Water.— VI. On the Selection of 
the Source of Supply. — ^VII. Wells. — 
VIII. Reservoirs.— IX. The Purification 
of Water. — ^X. Pumps. — XI. Pumping 



Machinery.— XII. Conduits. — XIII. Dis- 
tribution of Water. — XIV. Meters, Ser- 
vice Pipes, and House Fittings. — XV. The 
Law and Economy of Water Works.— 
XVI. Constant and Intermittent Supply. 
— XVII. Description of Plates. — Appoi- 
dices, ppiving Tables of Rates of Supply, 
Velocities, &c. &c., together with Specifi- 
cations of several Works illustrated, among 
which will be found : — Aberdeen, Bideford, 
Canterbury, Dundee, Halifax, Lambeth, 
Rotherham, Dublin, and others. 



" The most systematic and valuable work upon water supply hitherto produced in 
English, or in any other language .... Mr. Humberts work is characterised almost 
throughout by an exhaustiveness much more distinctive of French and German than 
of English technical treaitiscs,"— Engineer. 

Humbef^s Work on Bridge Construction, 

A COMPLETE and PRACTICAL TREATISE on CAST and 

WROUGHT-IRON BRIDGE CONSTRUCTION, faicludin^ 

Iron Foundations. In Three Parts — Theoretical, Practical, and 

Descriptive. By William Humber, A. -M. Inst C. E., and M. Inst. 

M.E. Third Edition, with 115 Double Plates. In 2 vob. imp. 4to, 

6/. 16;. 6^. half-bound in morocco. 

" A book— and particularly a large and costly treatise like Mr. Humber's^whicb 
lias reached its third edition may certainly be said to have established its own 
reputation. *' — En^neering, 
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Numbers Modem Engineering. 

A RECORD or the PROGRESS of MODERN ENGINEER- 
ING. First Series. Comprising Civil, Mechanical, Marine, Hy- 
draulic, Railway, Bridge, and other Ergineering Works, ftc By 
WiLLiAU HuHBEB, A.-M. InsL CE., &c Imp. 410, with 
36 Dotibk Plates, drawn to a large scale, and Portrait cj John 
Hawliihaw, CE., F.R.S., Sc, and descriptive Letter- press, Sped- 
CcalioDS, &c. y. y. hair morocco. 
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ViclDrii SULioB and Kcor. L B. & 5. 
C R. (EptaloJ; SoulhporlPierJs plaits); 
Vlclsna SuiioD and RddC L. C. al). aod 
0. W. R. If, plultt); Hoof of Cnmomc 
HuiicHltl: firidieDvec C.N. Railway ; 
Roof of StaliDD, Dutch Khcuiiih Rail (i 



,._..i); Bridge over the Th=iii«. Wat 
LoDdon EilsuiDD Rail wav (j platM) : Ai" 
mour Plates ; Subpcohob Bnilee, TtBiis 
(4 plale^ : The Alien EwiDc : SuspeniiiB 
Bndge, Avon (3 pistes); Uuderen^uuil 
Railway (3 plaies). 



HUMBER'S RECORD OF MODERN ENGINEERING. Second 
Series. Imp, 410, with 36 Double Plates, Portrait of Robert Ste- 
phenson, CE., &C., and descriptive Letterpress, SpeciGcalions, 
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BirlEcuhead Docks, Low .. . 
(15 p1(le<) ; Charing CroU Station Rw 
C, C. Railway (3 ^ua) 1 Digswcll V! 
dgd, G. N. Railway ; Robbery Wm 
Viadutt, G. N. RailMy ; Iran Pennanc 
Way ; Clydach Viaduct, MeohjT, Tt 
dopir.and ■"• ■'-■' -^^ 



venny Railway : CoJIegE Vocd ViadnA ' 
Cornwall Rulwsy : Dublin Winter Pibca 
Roof [3 plates} ; Bridec over the Thamet, , 
L. C and D. Rillway (6 platESj ; Altcn- 
Harbour, Greenock (4 plates). 



HUMBER'S RECORD OF MODERN ENGINEERING. Third 
Series. Imp. 4to, with 40 Double Plates, Portroitof J. R. KfClesa, 
Esq., late Fres, Inst. C.E., and descriptive Letterpress, Specifics' 
k. 3/31 half m m CO 
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HUMBER'S RECORD OF MODERN ENGINEERING. Fourlh 
Series. Imp. 410, with 36 Double Plates^ Portrait of John Fowler, 
Esq., lale Pres, Inst. C.E., and dtscriptive Letterpress, Specifica- 
tions, &c. 3/. 3J. half moroct 
List 0/ tki P!al,. . 
Abbey Milk Pumping Stalinn, Main I pun : .' '! ^ Rit 

Dralniiec, Metropolia (a plates); Barrow Ml' I. : >t. L - 

DoeksTspIaie"): ManquUvisduct.San- V. . ■■ 3 i^aialJ 

tligo and Valparaiso Railway (i p\M«)i ' " "' '-- " "' 

Jis/lH-ay (ai^TcVrCannonSt«clS',n\or 
Roof, ChuriiiB Cross Railway <3 pl^wV- ,- ' ,■ w. 
elates). I'elegraphic ApparaluafoiMi 
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Strains in Iron Frameworks, &c. 

GRAPHIC AND ANALYTIC STATICS IN THEORY AND 
COMPARISON. Their Practical Applicalinn to the Treatment 
of Stresses in Roofs, Solid Girders, Lattice, Bowstring and Sus- 
pension Bridges, Braced Iron Arches and Piers, and other Frame- 
works. To whicli is added a Chapter on Wi.ND Pressures. Bj 
R. Hudson Graham, C.E. Containing Diaerams and Plates to 
scale, «-ith nnmerous Examples, many taken from existing Struc- 
tures. Specially arranged for Class-work in Colleges and Univer- 
sities. Demy 8vo. [Near!y rcitdy. 

Strength of Girders. 

GRAPHIC TABLE for FACILITATING the COMPUTA- 
TION of the WEIGHTS of WROUGHT-lRON and STEEL 
GIRDERS, &c.. for Parliamentary and other Estimates. By 
J. H. Watson Buck, M. Inst. C. E., Assistant Engineer London 
and North-Western Railway. On a lai^je Sheet, in Strong Card- 
board Tube, ar. (Hi. \yiiit fuhlished. 

Strains, Formui(B & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH jconsistmg of Formulsand Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By WILLIAM 
HuMBEB, A.-M. List C.E., &c. Third Edition. Cr. Sto, ^s. 6d. cl. 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK j 

vrith Practical Remarks on Iron Conatruclion, By F, W. ShEIi.M, 

M.Inst.C.E. Second Edition, with 5 Plates. RoyalSvo, Si. doth. 

"The.uudenlcanDotBnilabcilMbookonlhiasiibiccuhanMr.Sheild!'.'— £Bfi«w. 

Barlow on the Strength of Materials, enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. By Peter Barlow, F.R.S. 
Revised by his Sons, P. W. and W. H. Barlow. Edited by 
W. HuMHER, A-M. Inst, C.E. 8vo, iSr. cloth. 
" The standard ircaaae upoD this particular mbJECL"— £«^rWfr. 

Strength of Cast Iron, &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By T. Tredgolo, C.E. 5th Edition. 
To which are added, Experimental Researches on the Strength, 
&c., of Cast Iron, By E. Hodgkinson, F,R,S. Svo, 121. cloth, 
*,* Hodckinson's Researches, separato, price 61. 

Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULA 
for finding the Dticharge of Water from Orifices, Notches, Weiw., 
Pipes, and Rivers. With New ¥ oriuMVfc, ti\i\is„ -a.^;^ 'l.™™^ 
iD/brmation on Rain-fell, Ca.tchTOeY\\..fi5.Saii, t>t'^«^»^';^ '^*S^i^ 
and Wafer Snpply. By ]. Nevwia, C.U., -^.-i-.V-t^. ^^ 
Edition, Revised and ICnWgcd, eso-Koa-Jo, \V- t\K>\^. ^ ^ 
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Hydraulics. 

HVDRAULIC MANUAL. Cooslstine of WorkinE Tables anil 
ExpUnatoty Texl, Intemied u a Guide in Hydraulic CalcBlatioii< 
nnd Field Operalions. By Lowis D'A. Jackson. Fourlh 
Edition. Rewtitlen and Enlarged. Large Crawn Svo., i&f. clotL 

River Engineering, 

RIVER BARS ; The Causes of their Formation, and their TtMl- 
menl by 'Induced Tid^ Scour,' with a Description of the Successliil 
Reduction by tlii? Method of the Bar at Dublin. By I. J. Man.s, 
Assis. Eng. to the Dublin Port and Docks Board. Rl. Svo. 7s. 6d. cL 

Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING; showing ita Application to Purposes of Railwiy 
and Civil Engitteering, in the Construction of Roads ; with Hr. 
Telfokd's Rules for the same. By Fkedrrick W. Sums, 
F.G.S., M, Inst. C.E. Sinth Edition, very carefnliy revised, widi 
the addition of Mr, Law's Practical Examples for Setting oot 
Railway Curves, and Mr. Tbautw;ne's Field Practice of Ikying 
cut Circular Curves. With 7 Plates and numerous Woodcuts, Svo, 
&r. f>d. doth. •,* TraoTWIne on Curves, separate, 51. 

Practical Tuymelling. 

PRACTICAL TUNNELLING: Explaining in detail the Settjng 
out of the Works, Shaft -sin king and Heading- Driving, Ranging 
the Lines and Levelling under Ground, Sub-Excavalinf^ Timbering, 
and the Construction of the Brickwork of Tunnels with the amount 
of labour required for, and the Cost of, the various portions of the 
work. ByF.W. SIMMS, M. Inst, C.E. Third Edition, Revised 
and Extended. By D. Kinnear Clark. M.LC.E. Imp. Svo, 
with 21 Folding Plates and numerous Wood Engravings, 3UJ. cloth. 

Steam. 

STEAM AND THE STEAM ENGINE. Stationary and Port- 
able. Being an Extension of Sewell's Treatise on Sleam. By D. 
KiMNEAH Clark, M.I.CE, Second Edition, iimo, 41. cloth. 

Civil and Hydraulic Engineering. 

CIVIL ENGINEERING. By Henry Law, M. Inst. C.E 
Including a Treatise on Hydraulic Engineering, by George R. 
BURNELL,M.I.C.E. Sixth Edition, Revised, wilh larce additions, 
by D. KiN.wEAR Clark, M. Inst. C.E. 71. dsL, doih. 

Gas-Lighting. 

COMMON SENSE FOR GAS-USERS ; a Catechism ofCai- 
Lighling for Householders, Gasfitlers, Miltow-ners, Architects, 
Engineers, &c. By R. WiLsoN, C.E. 2nd EdiUon. Cr. Svo, aj.W. 

Earthwork. 

£AKTIIVVORK TABLES, si«iVvn^\\ieC.aoS.«ftt\tiCMli'cYardi 
o{ Embankments, Cuttings, &.c., of 1\t\^'a ot Yit^i* i.^\n«, 
average of 80 feet. By 3osEtH BB.OKDTits-c, Ct., a.-cft.^-».»s,aa 
CA.MC/N, C K. Cr. Svo, oLlons, 51. c\oV\\. 
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Tramways and their Working. 

TRAMWAYS : THEIR CONSTRUCTION and WORKING. 

Embracing a Comprehensive History of the System, with an 
Exhaustive Analysis of the various modes of Traction, including 
Horse-power, Steam, Heated Water, and Compressed Air ; a 
Description of the Varieties of Rolling Stock, and Ample DetaUs 
of Cost and Working Expenses With 125 Wood Engravings 
and 13 Folding Plates. Also a Supplementary Volume : 
recording the Progress recently made in the Design and Construc- 
tion of Tramways, and in the Means of Locomotion by Mechanical 
Power. By D. Kinnear Clark, M. Inst C. E., Author of 
"Railway Machinery,*' '* Railway Locomotives," &c. With 76 
Wood Engravings. 2 vols. Large Crown 8vo, 30J. cloth, 

" All interested in tramways must refer to it, as all railway engineers have turned 
to the author's work * Railway Machinery.'*' — The Engineer. 

" The work is based on former tramway experience, and is specially valuable in 
these days of rapid change and progress." — Engineering. 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. 
GoODEVE, M.A., Barrister-at-Law, Author of **The Principles 
of Mechanics,** "The Elements of Mechanism," &c. Fourth 
Edition. With numerous Illustrations. Crown 8vo, dx. cloth. 
" Mr. Goodeve's text-book is a work of which every young engineer should pos- 
sess himself." — Mining Journal, 

Steam. 

THE SAFE USE OF STEAM : containing Rules for Unpro- 
fessional Steam Users. By an Engineer. 4th Edition. Sewed, 6^. 
** If steam-users would but learn this litde book by heart, boiler explosions would 
become sensations by their rarity." — English Mechanic, 

Smithing and Farriery. 

THE SMITHY AND FORGE. A Rudimentary TreatUe, 
including Instructions in the Farrier's Art, and a Chapter on 
Coach- Smithing. By W. J. E. Crane. 35. cloth. 

Mechanical Engineering. 

DETAILS OF MACHINERY : Comprising Instructions for the 
Execution of various Works in Iron, in the Fitting-Shop, Foundry, 
and Boiler- Yard. By Francis Campin, C.E. 3J. 6t/. cloth. 

Mechanical Engineering. 

MECHANICAL ENGINEERING: Comprising Metallurgy, 
Moulding, Casting, Forging, Tools, Workshop Machinery, Manu- 
facture of the Steam Engine, &c. By F. Campin, C.E. 3J. cloth. 

Works of Construction. 

MATERIALS AND CONSTRUCTION : a Theoretical and 

I Practical Treatise on the Strains, Designing, and Erection of 

Works of Construction. By F. Campin, C.E. J2mo, 3J. dd. cl. brds. 

Iron Bridges y Girders^ Roofs ^ &c. 

A TREATISE ON THE. X^VAACKTVO^ ^l.^x>^^S^^ 
TO THE CONSTRUCT! 01^ 0¥ ^^\TiC.^^> o^^W>V 
ROOFS, AJVD OTHER \\ OUYLS, B^^ .CK^^^^. ^^^- 
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Bridge Construction in Masonry, Timber, & Iron, 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION !N MASONRY, TIMBER, AND IRON; consisting ol 
46 PUlea btiia the Contract Drawings ot AdmeasuTement of sdect 
Works. By W. Davis Haskoli, C.E. Second Editio«, wiih 
thevlditionor J54 Estimates, uidtbe Practice of Setting out Woclis, 
with 6 pages ol Diagrams, Imp. 4I0, 2/. 12/. f>d. half-morocca. 

"A irork oTlhc procDt nAlUK b^ a Duui of Mr. Hoskoll's experience, muAtproTe 
lamlubtb Thfl labia of esljiuta coD»dci>bly eohancc lU value. ^'—^'^^VuniA^. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBIJQOE 
BRIDGES, with 13 laige Plates. By the late Geo. Watson 
Bucit,M.l.C.E. Third Edition, rerisedby his Son, J. H. Watson 
Buck, ^f.I.C.E. ; and with the addition of Desciiption to Dia- 
enuns for Eaciliiating the Conslniction of Oblique Bridges, by 
W. H. Barlow.M.LCE. Royal Svo, 121. cloth. 
'* The fUndjird Lcxibook for all si^Dcera regariEinf ^w atchea." — Enffitutt. 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTEUCTIOjr of 
OBLIQUE ARCHES. By John Hart. 3rdEd. Imp. Svo, b.^oQi. 

lioiler Construction. 

THE MECHANICAL ENGINEER'S OFFICE BOOK; 
Boiler ConsinicUon. By Nelson Foley, Cardiff, late Assiitant 
Manner Palmer's Engine Works, larrow. With 29 full-p^ 
Lithographic Diagrams, Folio 2lj. half-bound. 

Locomotive-Engine Driving. 

LOCOMOTIVE-ENGINE DRIVING | a Practical Manual for 
Engineers in charge of Locomotive Engines. By Michabl 
Kbvnolds, M.S.E. Fifih Edition. Comprising A KEY TO THE 
LOCOMOTIVE ENGINE. With lUusi rat ions, Cr.8vo,4J.W.d. 
*'Mr. Reyqalds huiupplied a want, ond hai supplied il wclJ." — Kngitittr, 

The Engineer, Fireman, and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOY. Ey M. Reynolds. Crown 8vo, 41, W. 

Stationary Engine Driving. 

STATIONARY ENGINE DRIVING. A Practical Manual for 
Engineers in Chaise of Stationary Engines. By KticitAEL Rev- 
NOLD5. Second Edition, Revised and Erilargcd. With Plates and 
Woodcuts. Crown Svo, 41. bd, cloth. 

Engine- Drivifig Life. 

ENGINE-DRIVING LIFE ; or Stirring Adventures and Inci- 
dents in the Lives of Locomotive Engine-D rivers. By Michael 
Reynolds. Eighth Thousand. Crown Svo, ai. cloth. 
Continuous Railway Brakes. 

CONTINUOUS RAILWAY BRKV.^.?.. K ■E™.'n>:i-^-™H«it on 
the several Systems in U sc in ^L^ie 'U nUei V:«.%iom -, ■CaAx Cw*™ 
tlon and Performance. WU^ '»^°^,^^T?^^'^^T^ 
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Construction of Iron Beams, Pillars, &c. 

IRON AND HEAT ; exliibitiog the Principles concerned in the 
construction of Iron Beams, PiEars, and Bridge Girders, and the 
Action of Heat in the Smelting Furaace. By J. Akmouk, C E. 3/. 

I^ire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
3. Histoiy of Fire-Engines, their Constraction, Use, and Manage- 
ment i Remarks on Fire-Proof Buildings, and the Preservation of 
Life from Fire ; Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, fi:c., &c. 
By Charles F. T. Youno, C.E, DemySvo, U. 41, cloth. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems in Geodesy 
and Practical Astronomy. By Lieut. -Gen. Frome, R.E,, late In- 
spector-General of Fortifications. Fourth Edition, Enlarged, and 
partly Rc-writlen. By Captain Charles Warren, R.E. With 
19 Plates and 1 15 Woodcuts, royal Svo, 161, doth. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 2<x> Radius, B; AleXandek 
BEAZEt-EV, M, Inst. C.E. Second Edition. Printed on 4S Caitls, 

and sold in a cloth box, waistcoat-pocket aim, 3^. fid. 
" Each table is pKnKd on a small card, which, being placed on the IbEodaliCe, leaves 

cards, wlUch he puts iiila hia own card-case, and leaves the re^c behind,"^ 

Pioneer Engineering. \Aik.^^m. 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries, By Edward Dodson, A.I.C.E. Wilh Plates and 
Wood Engravings. Revised Edition, izmo, Jj. cloth. 

■■^ *^ ■■ ■ "■ mipossesskmofwhichiionmnslioiill 



Wood fctigravings. Re 



Engineering Fieldwork. 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Levelling. Second Edition, revised, with consider- 
able additions, and aSupplement on WATERWORKS, SEWERS, 
SEWAGE, and IRRIGATION. By W. Davis Haskoll, C.E. 
Numerous folding Plates. In t Vol., dem; Svo, 1/. 5^., cL boards. 

Large Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 

By J. H. Watson Buck, M. Inst, C.E., ic, Illustra ted with. EaU.- 

ing Plates. Royal Svo, 12!. c\o\i\. . 

'■Maay of rJie methods given an otMnemEpnctv«4«iM;W>''i*™™«-''^.^ 

ohserwiBons on Itie fcim of arch, Ihe rules fnt oriti 

IJOD of ide lemplales, will be found of ccmBiitiaUe 

tic proiessloa, and 10 nil wlio have to buiU, sVioiVir 



8 WORKS IN ENGINEERING. SUR\"EVING, ETC., 

Surv^ Practice. 

AID TO SURVEY PRACTICE: for Reference in Surveying. 
Levelling, Setling-out and in Route Surveys of Travellers b; Land 
and Sea. With Tables, Illustrations, and Reconlik By Lowis 
D'A. Jackson, A.-M.I.C.E, Author of " Hydraulic Manual and 
Statistics," &c. Large crown Svo, lu. dd., cloth. 

icmLt. The volumE covEr» ihi grdand it Dccupics vrry lhDrDu!;hly."— fa^/wnnV. 

Mr. JwiKKi'i ImliM. . . . We eannolrKuniiiiood 10 the snidtBi whoknowi 
BCjnethinjE of the nathtnuuicaJ prindplesofthe subject a better course thaa tafonih 
hi» pmcuce in the field under ji qompelml .urveyor with a study of Mr. Iiu:lt™'l 
u»^ Buiiuat. The field records illiutnte every kind of survev, and wiU be iawi 
<a\ ewMlioJ aid tg the <.\v&KT,\r-amldi<^ Urat. 

Sanitary Work. 

SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising: — t. Some of the rnore Common 
Fonns of Nuisance and their Remedies ; z. Drainage j 3. Walei 
Supply. By Ckas. Slacg, Assoc Inst. C.E. Second Edition, 
Revised antl Enlarged. \In Iht Fnu. 

"A very useful hnok, ud may be ufely rtcominetided. The auihor hu hid 
praeiiciil operieoce in theworkB of whictihe treats. "—Juiifrr. 

Gas and Gasworks. 

THE CONSTRUCTION OF GASWORKS AND THE 
MANUFACTURE AND DISTRIBUTION OF COAI^GAS, 
OriginallywrittenbyS, HUQHES, C.E. Sixth Edition. Re-wriltea 
and enlarged, by W. Richards, C,E. lamo, $s. cloth. 

Waterworks for Cities and Towns. 

WATERWORKS (or the SUPPLY of CITIES and TOWNS, 
with a Description of the Prindpal Geological Formations of Eng- 
land as inflnencbig Supplies of Water. ByS.Ht7GH£S. 41-. &/. dotb. 

Fuels and their Economy. 

FUEL, its Combustion and Economy ] consisting of an Abridg. 
mentof "A Treatise on the Combustion of Coal and the Prevention 
of Smoke." By C. W. Williams, A. I. C.E, With exteuMve 
addiliona on Recent Practice in the Combustion and Economy of 
Fuel— Coal, Coke, Wood, Peat, Petroleum, &c. ; by D. KlN. 
NEAR Clark, M. InsL C.E. Second Edition, revised. Wifi 
Illustrations. i2mo. dJ. cloth boards. 
" Students should buy the book and read it, as one of the most complele sod sids. 

Roads and Streets. 

THE CONSTRUCTION OF ROADS AND STREETS. In 
Two Parts. I. The Art of Constructing Common Roads. By 
Henry Law, C.E. Revised and Condensed. II. Recent 
Practice in the Constnictiori of Roads and Streets: including 
Pavemenls of Stone, Wood, ai\4 ks-pVaN-li. "^.-j Ti. ^.tosea* 
Clark, M. Inst. C.E. SecOT4^eivV.,Te'i\'ffia.. \-nmi, v- 0**^-^ 
"A book which every boioueh survey™ an* ™^"^™?.5!^^„ nI^ 
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Locomoiives. 

LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com- 
raising an Historical Sketch and Description of the Locomolive 
Engine. By G. D. Dempsey, C.E. With large additions treat- 
ing of the MoDEKN Locomotive, by D. Kimnear Clark, 
M. Inst. C,E. With Illustrations. lima 31. M. doth boards. 

Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoli, C.E. 
Consisting of a Series of Tables, with Rules, Explanations of 
Systems, and Use of Theodolite for Traverse Surveying andPlotting 
the Work with minute accuracy by means of Straight Edge and Set 
Squareonly; Levelling with the Theodolite, Casting out and Re- 
ducing Levels to Datum, and Plotting Sections in the ordinary 
manner; Setting out Curves with the Theodolite by Tangential 
Angles and Midliples with Right and Left-hand Readings of the 
, Instrument; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and ORsets ; and Earth- 
work Tables to 80 feet deep, calculated for every 6 inches in depth. 
With numerous Woodcuts. 4th Edition, enlarged. Cr. 8vo. 12S. cloth. 



f:tlti^ 



Earthwork, Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alsjc J. S. Graham. 
" " With numerous Diagrams. iSmo, 2t. td. cloth. 

d In' Ihs mEBsureount Bod calculation of canh- 
worK will nna a great amount 01 piatlicAl informatjoo very admirably arranfred, And 
available for general or rough estimates, as well as for tiie more ejiact caJculaiMHu 

Drawing for Engineers, &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich, Ibrmerly ofR. S. N. A., 
South Kensirigtotu Fourth Edition, carefully revised. With upwards 
of 300 Plates and Diagrams, izmo, cloth, strongly bound, 41. 

Wealis Dictionary of Terms. 

A DICTIONARY of TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, 
ARCHAEOLOGY, the FINE ARTS, &c By John Wkalk. 
Fiilh Edition, revised by Robert Hunt, F,R.S., Keeper of Mining, 
Records, Editor of " Ure's Dictiooarj tX titts." vnwi,(is.'iA*i5.- 

complac"— Mixing 7au,aal. 
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to WORXS IN MINING, METALLURGY, ETC., 

MINING, METALLURGY, ETC. 
Jlle/al/iferous Mining. 

KRlflSH MINING. A Practical Treatise on (he MelalUferous 
Mines and Mineials of the United Kingdom, dealing comprEhen- 
sively wilh the Theoriei of Mioetal Deposits, the History of 
Mines, llieir Practical Working, and the Future Prospects ' 
Brilish Mining Industry. Fully Illustrated. By Rubert Hi;!(., 
F. R.S., Keeper of Mining Records ; Editor of " Ure's DictlonuT 
of Arts, Manufactures, and Mines," &c, [In friparalm. 

Coal and Iron. 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM: comprisitiga Description of the Coal Fields, and ol 
the Principal Seams of Goal, with returns of their Produce and lis 
Ilislribution, and Analyses of Special Varieties. Also, an Account 
of the occurrence of Iron Ores jo Veins or Seams; Analyses ol 
each Variety ; and >, History of the Rise and Progress of Pig Iron 
Manufacture since the year 1740, exhibiting the economies mtro. 
duced in the Blast Furnaces jor its Production and Improvement. 
By Richard Meade, Assistant Keeper of Mining Records. Wild 
Maps of the Coal Ficl.l'i and Ironstone Deposits of Ike United 
KingJom. Svo., ^^l 8j. cloth. 

Metalliferous Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D. C. Davies, F.G.S, With Numerous Wood 
Eogtafinga. Second Edition, retised. Ct, Svo, izi. 6d. cloth. 

have HO) ; the Bicount oT infomialloo sivrn is cnoimoos, and il is given coacbdy 
and iBtdUgibly."-J/m«f 7™™a;. 

Slale and Slate Qtmrrying. 

A TREATISE ON SLATE AND SLATE QUARRYING, 
ScienliGc, Practical, and Commercial. By D. C. DAVIES, F.G.S. 
Illustrated. Second Editioo, revised. 3^. M. doth. 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON: coa- 
taining Outlines of the History of Iron Mannfactnre, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture <il 
Iron and Steel, &c. By H, Bauerman, F.G.S. Fifth Ed: ' 
Revised and Enlarged, Illustrated. Ji. (nl., dolh. 

Mining, Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COM. 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables ; and Descriptions of Im- 
proved Instruments ; also an Exposirion of the Correct Fiindpla 
of Laying out and VaVuins ^omt kcA Yona^ 'Vi-ao. «ui Coal 
Mineral Properties, By VJ\\.\.\».ti ■L.vs.Ttii.'s, tAI-oioi^ m&. ^Sb 
Engineer. With fou.PlaVeso!D\ara=«,^\™s,««f-^^™';^-«^ 
.•^(so, bound Willi TuoMAK-sTs.B^.'^^- V'-^^- V^«*-?"b=« 
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Sw/ and Coal Mining. 

; COAL AND COAL MINING. Bj Warington W. Smyth, 

I M.A., F.R.S., &c., Chief Inspector of the Mines of tlie Crown. 

Fifth edilion, revised. 4J-. dotb. 
*' Every portioQ of tht volume appeals lo have been pieparcd wilh much care, and 
\ an OUUine ia given of every knavu coal-field in (his and other couDtries, as well u 
f the two principal coelhoik of woilcing, the book will duubilcsi intsest aveiy 

^Underground Pumping Machinery. 

I MINE DRAINAGE ; being a Complete and Practical Treatise 
I on Direct-Acting Underground Steam Pumping Machinery, with | 

' a Description of a large number of the best known Engines, Iheir I 

General Utility and the Special Sphere of their Action, the Mode ] 

|i of their Application, and i;eir merits compared with other forms of 
|., Pumpiog Macliinery. By Stephen Michell. 3to, 15^. clotli. ' 

ffantta/ of Mining Tools. 

MINING TOOLS. For tlie use of Mme Managers, Agents, 

(Mining Students, &c. Ity WiLMAH Morgans. Volume of Texl. 
, iznio, y. With an Alias of Plates, containing 235 lUustrations. 
4to, 6j. Together, 91. ciolh boards. 

^AVAL ARCHITECTURE, NAVIGATION, ETC. 
Pocket Book/or Naval Ari:hil£cls& Shipbuilders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET BOOK OK FORMULA, RULES, AND TABLES 
, AND MARINE ENGINEER'S AND SURVEYOR'S HANDY 
I BOOK OF REFERENCE. By Clement Mackrow.M. Inst. 
[ N. A., Naval Draughlsman. Second Edition, revised, Wilh 
I numerous Diagrams. Fcap,, 12s. 6d,, stronglj bound in leather. 
"Should be uied by all wh^ an engaged in the construction or design drvoAels." 

«eflll volume." — Aeheinemn, 

Pocket-Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULA FOR MARINE ENGINEERS. By Frank Proctor, 
A.I.N.A. Tliird Edition, Royal 32mo, leather, gilt edges, 41. 

" A Qon oiertd companion to all marine Kaesr>=ai."—U«U,d Smac liattlU. 

"Scarcely anything rei^uired by a naval cnguiBcr appears to bavo been for- 

Granthanis Iron Ship- Building. 

. ON IRON SHIP-BUILDING J with Practical Examples and 
' Det^ls, By]oHN Grantham, M. Inst. C.E., &c Fifth Edition. 
I Imp. 4to, boards, enlai^ed from 34 to 40 Plates, «ilb.se^anSft.T.^3j., 
also enJaiged, cloth limp. 2/. 21. cootpVe^e. 

«ensiredrciJaliDO among jhipbuildeis in ^eneTal. B'S s«ia °^ ^-^!^^^.^^■«.j&&i^^. 
andl^.a^orp^^^ion^hTi^^dScvTa^'tllt'w^ \ 



Light-Houses. 

EUROPEAN LIGHT-HOUSE SYSTEMS; beingaReportof 
■ Tour of Inspection made in 1873. By Major Gecrge H. 
Elliot, Corps of Engineers, U.S.A. Illustrated by 51 Ei- 
{^vings and 31 Woodcuts in the Text. Svo, 21/. cloth. 

Surveying (^Land and Marine). 

LAND AND MARINE SURVEYING, In Reference lo tk 
Prepaia.1iou of Plans for Roads and Railways, Canals, Rim^ 
Tonns' WiLt« Supplies, Ducks and Harbours ; with DescriptiDa 
•nd Use of Surveying InsltumeiJls. By W. Davis Haskoll, C.E. 
With 14 folding Plates, and numerous Woodcuts, Svo, 12/. W. cloth. 

Storms. 

STORMS : thdr Nature, Classification, and Laws, with tl 
Means of Predicting Ihem by their Embodiments, the Qomk, 
Uy William Blasius. Crown Svo, loi. 6d. cloth boards. 

Rudimentary Navigation. 

THE SAILOR'S SEA- BOOK : a Rudimentary Treatise on Naii. 
gallon. By James Greenwood, B.A. New and enlarged editioq. 
By W, II. KossER. lamo, 31. cloth boards. 

Mathematical and Nautical Tables. 

MATHEMATICAL TABLES, for Trigonometrical, 1 
ana Nautical Calculations ; to which is prefixed a Treatise tm 
Logarithms. By Henry Law, C.E. Together with a Series rf 
Tables for Navigation and Nautical Astronomy. By Professor 
J. R. VouNO. New Edition, tamo, 4J. cloth boards. 

Navigation {Practical'), with Tables. 

PRACTICAL NAVIGATION : consisting o( the Sailor's St*- 
Book, by James Greenwood and W. H. Rossek ; togeth* 
with the requisite Mathematical and Nautical Tables for the Wi^ 
ing of the Problems. By Henry Law, C.E., and ProIesW 
J, R. Young. Illustrated, iimo, ^s. strongly hall-bound in leatheti 

WEALE'S RUDIMENTARY SERIES. 

Tht fdloviing books in Naval Archittcture, etc., an piibliihed in tit 

NAVIGATION *nd NAUTICAL ASTRONOMY IN THEORY 
AND PRACTICE. By Professor J. R. YoiiNC. NcwEditwft 
Including the Requisite Elemenls from the Naulical Almanacfii^ 
Woiking ihe Problems, tamo, 11. 6rf. cloth. 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. 1 
Robert Kipping, N.A. Fifteenth Edilinn. iimo, xs. 6d. clot 

SAILS AND SAIL-MAKING. Tenth Edition, enJaiged. J 
Robert Kitfinc, N.A. Illustrated. i2mo, 3^. doth bcntdt. 

NAVAL ARCHITECTURE. By James Peake. Fourth Edidd 
with Plates and Diagtams. limo, yy. ■in\iv"aaH4s.. 

MARINE ENGINES. &Nt) ?,TtM»V N-5.&'5,^\s. 
MUKRAV. C.E. EigVitYv ■E4i\.\oti,U.e - 
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ARCHITECTURE, BUILDING, ETC. 
Canstrzution. — • — 

THE SCIENCE of BUILDING : An Elementary Treatise on 
the Principles of Construction. By E. Wyndham Tarn, M.A., 
Architect. With 58 Wood Engravings. Second Edition, revised and 
enlarged, including an entirely new chapter on the Nature of 
Lightning, and the Means of Protecting Buildings from its Violence. 
Crown 8vo, *js. 6d, cloth. 

"A very valuable book, which we strongly recommend to all students."— ^»«U^. 

'* No architectural student should be without this hand-book." — Architect 

Civil and Ecclesiastical Btdlding. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL, 
Including Church Restoration. By Sir Edmund Beckett, 
Bart., LL.D., Q.C., F.R.A.S. Author of "Clocks and 
Watches and Bells," &c. i2mo, 5J. cloth boards. 
*' A book which is always amusing and nearly always instructive. We are able 
very cordially to recommend all persons to read it for themselves. "— Times. 

''We commend the book to the thoughtful consideration of all who are interested 
In the buildine; zsX."— Builder, 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Designs for Villa Residences in various Styles. With 
Detailed Specifications and Estimates. By C. Wickes, Architect, 
Author of " The Spiresand Towersof the Mediaeval Churches of Eng- 
land," &c. 30 Plates, 4to, half morocco, gilt edges, i/. ij. 
*^ Also an Enlarged edition of the above. 61 Plates, with Detailed 
Specifications, Estimates, &c. 2/. 2j. half morocco. 

Useful Text' Book for Architects. 

THE ARCHITECT'S GUIDE : Being a Text-book of Useful 
Information for Architects, Engineers, Surveyors, Contractors, 
Clerks of Works, &c. By F. Rogers. Cr. 8vo, 6^. cloth. 

"As a text-book of useful information for architects, engineers, surveyors, &c., it 
•virould be hard to find a handier or more complete little volume." — Standard. 

^he Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS. By G. WiGHTWiCK. 
New Edition. By G. H. Guillaume. X2mo, cloth, 45. 
" Will be found an acquisition to pupils, and a copy ought to be considered as 
necessary a purchase as a box of instruments." — Architect. 

J^rawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By Geo&gs Pyne. With 14 Plates, 4to, ^s. td. boards. 

J^i?iler and Factory Chimneys. 

BOILER AND FACTORY CHIMNEYS ; then- Draught power 
* and Stability, with a chapter on Lightning Conductors. By Robert 
Wilson, C.E. Crown 8vo, y, 6d. cloth. 
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14 WORKS IN ARCHITECTURE, BUILDING, ETC., 

Taylor and Cresy's Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the lale G. L. TaVLor, Esq., F.S.A., and Edwakd Cresv, Esq. 
New Editinn, Edited by the Rev. Alexander Taylor, M.A. (ton 
of Ihelate G. L. Taylor, Esq.) This is the only book which pra 
on a targe scale, and with the precision of architectural measure- 
ment, Iheprincipal Monuments of Ancient Rome in plan, elevWian, 
and detail. Large Tolio, with 13a Plates, halT-bouod, 3/. 3/. 
*,• Originaily pubUshed in two volumes, folio, at 18/. iSi, 

Vitntviui Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
rOLLIO. Translated by JnsErK GwiLT, F.S.A., F.R.AS. 

Numerous Plates. l2mo, cloth limp, ^s. 

Ancient Architecture. 

RUDIMENTARY ARCHITECTURE [ANCIENT); com- 
priiing VITRUVIUS, transUted by Joseph Gwilt. F.S.A, 
&c. with 23 fine plates ; and GRECIAN ARCHITECTURE. 
By the EARLof Aserdbeh' ; tzmo, ds., haJI-bound. 
'.■ Tht OKly editioK ef VITRUVIUS proturabU at a madcraU frkt. 

Modern Architecture. 

RUDIMENTARY ARCHITECTURE (MODERN); com- 

Ksing THE ORDERS OF ARCHITECTURE. By W. H. 
Ens. Esq. ; TheSTYLESofARCHITECTUREofVARIOUS 
COUNTRIES. By T. Taibot Bury ; and The PRINCIPLES 
of DESIGN in ARCHITECTURE. By E. L. GaRbbtT. 
Numerous iUustratioils, tamo, 6j. holf-boimd. 

Civil Architecture. 

A TREATISE on THE DECORATIVE PART of CIVH. 
ARCHITECTURE. By Sir William Chambers, F.Ri 
With Uluitratious, Notes, and an Examination of Grecian Arw 
lecture. By Joseph Gwilt, F.S.A. Revised and edited bjW, 
H. Leers. 66 Plates, 4(0, 211. doth. ^ 

House Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AKI 
SIGN WRITING: a Practical Manual of. With 9 ColoOM 
Plates of Woods and Marbles, and nearly 150 Wood EngravliM 
By Ellis A. Davidson. Third Edition, Revised, lamo, fo. eii« 

Plumbing. 

PLUMBING ; aText-book to the Practice of the Art or Graft ofll 
Plumber. With chapters upon House- drain age, embodying d 
latest Improvements. By W. P. BuciIAN, Sanitary EngJECEl 
Fourth Edition, Reviwd and Enlarged, with above 330 illustiatioi 
izmo. 41. cloth. UusipubMt^ 

yoints used in Building, Engineering &c. 

THE JOINTS MADE AND USED BY BUILDERS in d 

construction of vaiioni V\nA^ ol t-'n^ucmvQE.'wA. KtcliitiecU 

^--worlts, with espccin\ ve(etttv.ce to V'ncst -ktou^i \*i a.S««wi^ 

and fmUIiing HaWato\« S.Wi««Te». ^1^;;;>-J^ 

t. With i6q lUuslvaaoi\». iimo, ^s. td. SsKo.-*.*, 
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Handbook of Specifications, 

THE HANDBOOK OF SPECIFICATIONS! or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constmclions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. By Professor Thomas L. Donald- 
son, M.I.B.A. New Edition, in One large volume, Bvo, with 
upwards of looo pages of text, and 33 Plates, cloth, ll. I is. 6d. 
"In thi? work forly-foiir 5|>edfLc9tLoni of Eveciircd works arc given, . . . DonaLd- 
Bon'A Handbook of Speciflcatjans must be baughL by aU architects. ".-^^jwAjIrr. 

Specifications fior Practical Architecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE : 
A Guide to the Arcliitect, Engineer, SurvejTsr, and Builder; with 
an Essay on the Structure and Science of Modem Buildings. By 
Fredekick Rogers, Architect. 8vo, iSr. cloth. 
%* A volume tif&peciRcaTiont ofa prac(ic*J character being greaily required, andlhc 

Designing, Measuring, and Valuing. 

THE STUDENT'S GUIDE to the PRACTICE of MEA- 
SURINGand VALUING ARTIFICERS' WORKS; containing 



Memoranda for the Valuation of Labonr and Materials in the r 
ipective Trades of Bricklayer and Slater, Carpenter and Joiner, ' 
Painter and Glaiier, Paperhanger, Sic. With 9 Plates and 47 Wood- 
cuts. Originally edited by Edward Dobbon, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and nsefiil Tables for facilitating Calculations and Measure- 
ments. By E. Wyndkam Tarn, M.A., 8vo, loir. dd. cloth. 

"Well Tulfils the preidiuof ita title-page. Mr. Tarn's additlOM and revisions have 
miicb JDcrcased [be usefuln^s of the vmii.''^"Engin*tritt. 

Beaton's Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimalinc; the various parts 
of a Building collectively, more especially applied to Carpenters' 
and Joiners' work. By A. C. Beaton. Second Ediiiun, 
Waistcoat-pocket siie. ir. dd. 

Beaton' sBuilders' and Surveyors' Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: conUinmg a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Rderence, Technical Directions for Measuring Work in 
sdl the BuUding Trades, &c. By A C. Beaton, u. 6d. 

The JTouse-Owner's Estimator. 

THE HOUSE-OWNER'S ESTIMATOR ; or, What -will it 
Cost to Build, Alter, or Repair? A Pr.te-'e-aoV ^w Vi««tQ\^- 
aiona! People, Architectural Siir\e7ais, ^uiiex^, Si-'i- "^'VJ^'?'^!^ 
UuzsD. Simon. Edited by ¥. 1- ^. "A^\-\A-t, k:^-'--^-^ 
r*/r(f Edition, Revised. CtQwi\ Svo, y. W., 'i™':. 

"la two years Jj ,ji] ^^^^^ jj, ^^^j ^ hundred IvmW. i«»-' -I"*"!- 
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i6 WORKS IN CARPENTRY, TIMBER, ETC., 

Cement. 

PORTLAND CEMENT FOR USERS. By Henry Faija, 

A.M. Insl. C.E., wilh Illustrations. Crown 8vo. is. 6d. dolL 

" A uitfuJ tomfcoOiuin otraulls foi ihc builder and aitbilczt,"—BHiiilii^ Xm. 

Builder's and Contractors Price Book. 

LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, contaimog the latest prices of aU kinds of Builders' 
Materials and Labour, &c. Revised by F. T. W. Mju.es, 
A.R.LB.A. Half-bound, 4*. 

CARPENTRY , TIM BER, ETC. 
Tredgold's Carpentry, new and cheaper Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY t 
a Treatise on the Presanre and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c To which 
is added an Essay on the Nature and Properties of Timber, &c, 
with Descriptions of the Kinds of Wood used in Building ; alw 
numerous Tables of Ihe Scantlings of Timber for different purposes, 
the Specific Gravities of Maleri^s, &c By Tkuma£ Tkkugold, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates, Poitraitof the Author, and 
Woodcots. 4to, published at 2/. ar., reduced to U. $s. doth. 

"A work whose monumcnia] excellence mual canuaeud It wherercr akilfut cv. 
penCry ucoDcemed, The Author's principles arc rather confirmed than impaiicd H 

Grandy's Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

& BUILDER'S STANDARD GUIDE. By R. E. Gbandt. 

2nd Edition. Carefully revised and corrected, izmo, 37. 6ii. doth. 

" Everything it pretends to be : built up gradually, it leads one from a farai vt i 

treenail, and throws in, as a inakewei|ht, a hnai of material coDccrniaf brickft, cobunu, 

dstems, &c-.^ that the class to wUnm it appeals requires." — Englitk Mtekanic, 

Timber Freight Book. 

THE TIMBER IMPORTERS' AND SHIPOWNERS' 
FREIGHT BOOK : Being a Comprehensive Series of Tables (or 
the Use of Timber Importers, Captains of Ships, ShipbrolEefs, 
EuUderB, and Others. By W. Rjchardson. Crown 8vo, 6s. 

Tables for Packing-Case Makers. 

PACKING-CASE TABLES ; showing the number of Superfidil 
Feet in Boxes or Packing -Cases, from six inches square uui 
upwards, By W. RICHARDSON. Oblong 4to, 3/. 6d. doth. 

Carriage Building, &c. 

COACH BUILDWC: h. "Ptow:!;* ^ito&e, \«;A!kto«1 wid 
Descriptive, conlaininBluUintormaViouol V"ot Ni™j03.'\^»jSjis, »i1l 
Processes inTOlvpd, wirti HinU <m vVe -VTa^w \.et^w«t tfi. ^^.-Kra^ 
&c. 57 Illustrations. Bv 1 K-'iVts 'N . -B^ie-ct,^. mii«, ■-- 



florion's Measurer. 

THE COMPLETE MEASURER; setting forth the Measure- 
ratjA of Boards, Glass, &c. ; Unegual'iided, Square-sided, Oc- 
tagonal-sided, Round Timber and Slone, and Standing Timber. 
Also a Table sbowing the solidity of hewn or eight-sided timber, 
or of any octagonal -sided column. By Richard Hortqn, 
Fourth EdiL With Additions, izmo, strongly bound in leather, 51, 

Horion's Uttderwood and Woodland Tables. 

TABLES FOR PLANTING AND VALUING UNDER- 
WOOD AND WOODLAND ; also Lineal, Superficial, CubicaJ, 
and Decimal Tables, &c By R. Horton, lamo, xs. leather. 

X7ickolson's Carpenters Guide. 

THE CARPENTER'S NEW GUIDE; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitkl, F.S.A., together with Practical Rules on 
Drawing, by Gkorck Pynb. With 74 Plates, 4to, tl. u, cloth. 

Dowsing's Timber MercJiant's Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COM- 
PANION i containijig New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, frotn 
One to a Thousand Pieces, also the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred, &g., &c. Also a variety of other valuable infonnatioo. 
By W. DowsiMG. Third Edition. Crown 8vo, 31. 

Practical Timber Merchant. 



Growthof Timber, Sc. By W. Richardson. Fcap. 8yo, y. W. cL 

Woodworking Machinery. 

WOODWORKING MACHINERY ; its Rise, Progress, and 
Construction. With Hints on the Management of Saw Mills and 
the Economical Conversion of Timber, Illustrated with Examples 
ef Recent Designs by leading English, French, and Amencan 
Engineers. By M. Powis Balk, M.LM.E. Crown 8vo, iw. 6rf. cL 
"Mr. Baleii evidently 341 eipun on Ihc subject, aad he hai collected u much 
infornution llial his book ia all-auilieieiiE for huildcn ud allien eogaged io ttii con- 

"The iD«t comprehensive compendium of woDd-wor^lne machinery wv hava 

Saw Mills. 

SAW MILLS, THEIR ARRANG¥:M.T.15T: t:S.T>V.K&^^3S, 

WENT, AND THE ECONOM\CK\^ CQfS."N"?SS^'=r^ '3^ 
rJMBER. j:Bemg a Companion. \qW^ ' -"■ ~-^-^--"'^«^ 



JHua(r«tions. Crown Svo, los, 6d., c\o\.>i. 



i8 WORKS m MECHANICS, ETC., 

_ . MECHANICS, ETC. 

Turning. — • — ■ 

Xj\TiiE-WORK: a Practical Trealise on the Tools, AppliinCB, 
and Processes employed in the Art of Turning. By Paul N. Ha^ 
LUCK. SeconiJ Edition, thorouRlily Revised, with a New Chiplu 
00 (lie Screw -culling L^the. Crown Svo, 5/. [JusI fubUshd. 

Turning. 

THE METAL TURNER'S HANDBOOK : A Practical Mamul 
for Workers at the Foot-lathe. By I'AUL N. Hasluck. With 
over loo III usl rat ions. Crown Svo, l;., cloth. 
•." Tilt abovt/trna Ihtfinlwlimt of i\v^\.vti}^s. Hanqboohs ON HAHDicmpTt 
Olktr rcli,««i •«, frtfantitK. 

MeckanUs Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT. By W. Templhton. 13th Edit., with 
Mechanical Tables for Operative Smitlis, Millwrights, Engiacen, 
&c, ; and an Extensive Table of Powers and Roots, izmo, 51. bound. 

" Admirably sdapUd Id LIk wanU af a very large claw, ft has met tnlh frat 
menwha, in 4 great [n«uurc, owe Ifacir rise in life Ed thifi little wark." — £uUdin± liims- 

Enoineer's and Machinist's Assistant. 

THE ENGINEER'S, MILLWRIGHTS, and MACHINISTS 
PRACTICAL ASSISTANT ; compriainE a CoUection of Useful 
Tables, Rules, and Data. By Wm, Temfleton. l8mo, 2/. W. 

Smith's Tables for Mechanics, &c. 

TABLES, MEMORANDA, and CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, 
BUILDERS, &c Selected and Arranged by Francis Smith. 
Z4app. WalsCcoat-pocket sixe, U.6J., limp leather, \yuil fuiliihiJ. 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER. With 
Examples of Practical Geometry and Templaling, for the use of 
Platers, Smitbs, and Riveters. By John Courtnby, Edited bj 
D, K. Clark, iA. I. C.E. tzmo, gj. half-bd. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from I to lOO inches in length, 
by t to loS inches in breadth. By J. Hawkings. Fcp. y.td. d. 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE. By Dr. Ernst 
AlbaN. Translated from the German, with Notes, by Dr. POLE, 
F.R.S. Plates. Svo, \6s. bd., cloth. 

Steam Boilers. 

A TREATISE ON STEAM. 'BOW-ia.'&S. ■- &«t ^■a««S!B, e™. 
ilruclion, and Economical ^JoiVm^. 'ft'j ?-. N^xYsras, (l:i 
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MATHEMATICS, TABLES, ETC. 

Metrical Units and Systems, &c. 

MODERN METROLOGY : A Manual of the Metrical Units 
and Systems of the present Century. With an Appendix con- 
taining a proposed English System. By Lowis D'A. Jackson, 
A.-M. Inst. C.E., Author of " Aid to Survey Practice," &c 
Large Crown 8vo, I2s, 6d. cloth. 

Gregory^ s Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Purs Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general. 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength o^ Materials, &c By Olinthus Gre- 
gory, LL.D., F.R. AS. Enlarged by H. Law, C.E. 4th Edition, 
revised by Prof. J. R. Young. With 13 Plates. 8vo, i/. u. doth. 

Mathematics as applied to the Constructive Arts. 

A TREATISE ON MATHEMATICS AS APPLIED TO 
THE CONSTRUCTIVE ARTS. Illustrating the various pro- 
cesses of Mathematical Investigation by means of Arithmetical and 
simple Algebraical Equations and Practical Examples, &c By 
Francis Campin, C.E. i2mo, 35. 6/. cloth. 

Geometry for the Architect, Engineer^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic ByE. W. Tarn,M.A. With Appendices on Diagrams 
of Strains and Isometrical projection. Demy 8vo, 91. cloth. 

Practical Geom£try. 

THE GEOMETRY OF COMPASSES, or Problems Resolved 
by the Mere Description of Circles, and the Use of Coloured 
Diagrams and Symbols. By Oliver Byrne. Coloured Plates. 
Crown 8vo, 35. 6^., cloth. 

The Metric System. 

A SERIES OF METRIC TABLES, In which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent. By C. H. 
DoWLiNG, C.E. 2nd Edit., revised and enlaiged. 8vo, lor. (id. d. 

Inwood's Tables, greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c., and for the 
Renewing of Leases ; also for Valuing Reversionary Estates, De- 
ferred Annuities, &c. By William Inwood. 21st edition, with 
Tables of Logarithms for the more Difficult Computations of the 
Interest of Money, &c By M. FtoOR Thoman. i2mo. &r. doth. 
" Those Interested in the purchase and sale of estates, and in the a<yustment of 

compmtatinn cases^ as well as in transactions in annuities, life insurances, ftc, will 

find the present edition of eminent %Krtvat,^<—'En^;iruering. 

C 2 
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Weighls, Measures, Mon^s, &c. 

MEASURES, WEIGHTS, and MONEYS of oil NATIONS, 
Entiiely New Edition, Revised and Enlai^ed. By W, S. B, 
WoOLHOUSE, F.R.A.S. iimo, w. 6rf. cloth boards. 

CompouJid Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES; 
with Tables of Logaritliras for Ihe more Difficult Computations of 
Interest, Discount, Annailies, &c,, In all theii Applications and 
Uks (or Meccajitile and State Puiposes. By FfcixiR Thouan, 
of the Socicte Cridit Mobilier, Paris. 3rd Edit., l2ino, 4J, W. d. 

Iron and Metal Traded Calculator. 

THE IRON AND METAL TRADES' COMPANION: 
Being a Calculator containing a Series of TaLIes upon a new and 
comprehensive plan for expeditiously ascertaining the value of any 
Eoods bought or sold by weight, from is. per cwt. lo Wis. pa 
cwt., and from one farthing per lb. to IJ. per lb. Each Tableej- 
lendsfromonelb. toioo tons. ByT.DoWNlE. 396pp., 91., IcnLttr. 

Iron and Steel. 

IRON AND STEEL: a Work for the Forge, Foandry, 
Factory, and Office. Containing Information for Iromnasten ; 
Civil, Mechanical, and Mining Engineers ; Architects, Buildeis,&c 
By Charles Hoarb. Eighth Edit. Oblong 3srao, &r., leather. 

Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR, being a Series of Tabid 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from lib. to 15 tons, at 300 Pro- 
gressive Rates, from I Fenny to 16S Shillings per cwt., and con- 
taining iS6,ooo Diiect Answei^, which, with tbeir Combinntians, 
consisting of Bsingle addition, will afford an ablegate of 10,266,000 
Answers ; the whole being calculated and designed to ensure 
Correctness and promote Despatch. By Hekrv Haese^, 
Accountant. New Edition. Royal Svo, I/. 51., half-boimd. 

Comprehensive Discount Guide. 

THE DISCOUNT GUIDE: comprising Tables for the u«of 
Merchants, Manufacturers, Ironmongers, and others, by whici 
may be ascertained the exact profit arising from any mode of using 
Discoonls, either in the Purchase or Sale of Goods, and the method 
of either Altering a Rate of Discount, or Advancing a Price, so ji 
to produce, by one operation, a sum that will realise any reqnired 
profil after allowing one or more Discounts r to which are added 
Tables of Profit or Advance from j| to 90 per cent., Tablesof 
Discount from l\ lo 98 J per cent., and Tablesof Commission, Ac, 
from ) to 10 per cent. By I£. Harben, Syo, il. %s., half-bound. 

Mathematical Instruments. 

MATHEMATICAL IN^pTRUMtlS^?.-. TV™ Omstruction, 
ylrfjUSlmenl, Testing, and Use-, com^"*^?, '^™«''^'&. "*» ' 
Oprical, Surveying, aJ>^ AsVYQi«>mS.caA \Tav™-a«3*a. /& 
Hkatjier, M.A. Enlarged ^^A-ov.. i-imo. v- e-*^ 
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SCIENCE AND ART. 



Gold and Gold-Working. 

THE GOLDSMITH'S HANDBOOK : containing full instruc- 
tions for the Alloying and Working of Gold. Including the Art of 
Alloying, Melting, Reducing, Colouring, Collecting and Refining. 
Chemical and Physical Properties of Gold, with a new System of 
Mixing its Alloys ; Solders, Enamels, &c. By George E. Gee. 
Second Edition, enlarged. i2mo, 3^. dd, cloth. 
" The best work yet i>rinted on its subject for a reasonable price." —yeweller. 
** Essentially a practical manual, well adapted to the wants of amateurs and 

apprentices, containing trustworthy information that only a practical man can 

supply." — Ett^Ush Mechanic, 

Silver and Silver Working. 

THE SILVERSMITH'S HANDBOOK, containing full In- 
stnictions for the Alloying and Working of Silver. Including the 
different Modes of Refining and Melting the Metal, its Solders, the 
Preparation of Imitation Alloys, &c. By G. E. Gee. i2mo, 3^. 6d. 
" The chief merit of the work is its practical character. The workers in the trade 
will speedily discover its merits when they sit down to study \l"— English Mechanic. 

Hall-Marking of Jewellery. 

THE HALL-MARKING OF JEWELLERY PRACTICALLY 
CONSIDERED, comprising an account of all the different Assay 
Towns of the United Kingdom ; with the Stamps at present 
employed ; also the Laws relating to the Standards and Hall- 
Marks at the various Assay Offices ; and a variety of Practical 
Suggestions concerning the Mixing of Standard Alloys, &c. By 
George E. Gee. Crown 8vo, 5^. cloth. [J tist published. 

Electro- Platings &c. 

ELECTROPLATING: A Practical Handbook. By J. W. 
Urquhart, C.E. Crown 8vo, 5^. cloth. 

"Any ordinarily intelligent person may become an adept in electro-deposidoo 
with a very little science indeed, and this is the book to show the "wsiy.*'— Builder, 

Eledrotyping, &c. 

ELECTROTYPING : A Practical Manual on the Reproduction 
and Multiplication of Printing Surfaces and Works of Art by the 
Electro-deposition of MetaS. By J. W. Urquhart, C.E. 
Crown 8vo, 51. cloth. 
"A guide to beginners and those who practise the olH and imperfect methods." — Iron. 

Electro-Plating. 

ELECTRO-METALLURGY PRACTICALLY TREATED. 
By Alexander Watt, F.R.S.S.A. Including the Electro- 
Deposition of Copper, Silver, Gold, Brass and Bronze, Platinum, 
Lead, Nickel, Tin, Zinc, Alloys of Metals, Practical Notes, &c., 
&C. Eighth Edition, Revised, with Additional matter and 
Illustrations, including the most recetit Pyoc^^i^^s*, \^t.td^^ 'v^^. ^d..^ 
doth. \!J ust ^uUxiKfcd., 

"From this book both amateur and axtisaiv tnac^ \«axTL «:N«r3\ic:vw%. \«.cRSsasri «^ 
tAe successfui prosecution of electroplating.'* — Iron, . . ^>^^ -«v ^"L ^«* 

" A practical treatise for the use of those vrYio ^esvc^ Vo vj<ycV vcw \.w«. *5=^ 
dep osition as a business,"— English Mechanic. 



Dentistry. 

MECHANICAL DENTISTRY. A Prictital Treatise o 
Constrnclion of Ihe various kinds of Artificial Dentures. Com- 

Prising also Useful Formula:, Tables, and Receipts for Gold 
laic, CUsps, Solders, etc, etc. By Charles Hunter, Second 
Edition, Revised ; including a. new chapter on the use of Celluloid, 
With over too EngrBvings. Crown Svo, "js. 6d., cloth. 
'• An «u1horilative irutiK, wh[cFi we cm strongly rfcommend to all ! 
D,lilin Jnntal tfMidhal Scirncc. 

Electricity. ' 

A MANUAL of ELECTRICITY ; including Galvanisni, Mag. 
netism, Diamagnetism, Electro-Dynamics, Magneto- Electiicirt, IM 
the Electric Telegraph. By Henry M. Noad, Ph-D,, F.C.S. 
Fourth Edition, with 500 Woodcuts. 8vo, 1/. 4J. cloth. 1 

"Tbe iccouDUgivin af clecCndtyiDd gdvaniEm aiCBotoiilvcampleie in a iQEiidb 1 

Text-Book of Electricity. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By 
HsNKT M. Noad, Ph.D., F.R.S., &c. New Edition, Revised. 
With an Introduction and Additional Chapters by W. H. Preke, 
M.I.C.E., Vice-President of the Society of Telegraph Engineeis, 
&c With 470 Illustrations. Crown Svo, I2J. dd. cloth. 

W, H.'pr"co, EsiT-.'^d'c'-^n^uclion."'" ™"" ' *"' " ' ""^ ~ 
" We can icCDinmeikd Dr. Noad's bouk for clear style, great lange of sutjttl. 1 

Rood index, and a plethaia of woodcuts. Sudi coUectians as the present ue ini^ 

ptntoble. "—AlUn^um. 
*' An admLrahlEtext-boDlc fur every student — begmcier or advanced — of elccnicilr.* 

oTlelejiraphic, Idcphoilic. and electric-lighling apparatus. "—^ii^/jiA JUrcitmit. 
"Under the editorial hand ef Mr. Preeceche lata Dr. N Dad's textbook of etoi 

Electric Lighting. 

ELECTRIC LIGHT : Its Production and Use, embodying plain 
Directions for the Treatment of Voltaic Batteries, Electric Lamp^ 
and Dynamo-Electric Machines. By J. W. Urquhart, C.E, 
Author of " ElectroplalinE-" Edited ty F. C. Webb, M.LC.E., 
M.S.T.E. 3nd Edition, Carefully Revised, with Large Addiliooi 
and I2S Illustrations. Cr. Svo, 71. td. cloth. {Just jmblisKd. 

" The book is by far the best that we have yei met wiihtn the sDbje=t."—^(*rt«i.i. 
At. important addition to the Lireralure of the eLeclrit light. Studenli of te 
subject should not fail to read it. "—CoUiirj Gvardiait. 

Lightnings &c. 

THE ACTION of LIGHTNING, and the MEANS of DE- 
FENDING LIFE AND PROPERTY FROM ITS EFFECTS. 
By Major Arthur Pabnell, R.E. i2mo, 7j. 6rf. cloth. 

■ ' Major Pamell has written an origLnal -wotk oti a sdenriBc subject of unusual iale- 

oTihcbest »rilers on the subject in dm tBg\iii\an6a»EK-"—A">«"*™ 
' The work coitiuiisc* all that Is acluanv Vna«o oti 'W mfcsra.".— !-• 
"Major Parnell's measures are bajei Ql *" !«■">« fLS?^lS 
T^rr^rr af facts and pritidples oirane'^ '» •■ ™™^"'' 
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The Alkali Trade — Sulphuric Acid, &c. 

A MANUAL OF THE ALKALI TRADE, induding the 
MannTaclure of Sulphuric Aciii, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufactiirer. With 232 Illus- 
trations and Working Drawings, and CDnlaining 386 pages of text. 
Super-rojal Svo, 3/. lis. 6ti. cloth, 
TAIs mr»fmmia (i) a Ctmflcti HtmdbiKkf^ intending Alkali and Silpiurk 
Acid Maxu/aclurtri, laid/or thsst alnady in lit field wio dairt is imptinit tktir 
plant, BT ta blismi fractkldljl a€quainlid ivilh lAr laltsi frKiaisand dcrilofmiHli 
e/llulradt; [1) a Handy Votvmi ■ahkh Mani^factttrirs can ftit into lla hands ^ 
tktir Masagtn and Fsrtmnt ai a utr/iil gvidt in thar daily reundj ofdsty. 



'aok Wane- XVI. Geoenl 
ir Appendicts, trudne of 

Forciitn Le^admi upon 



'orlu^II. Si 

jf S^l PyritH 

—IV. The Sail Cuke ProcBS-V. Ugis- 

lioi^vf The '''H^e™va''''and' Joom' 
Processes— VII. The EaUine Prwass- 
Vlli. LUii-ildon and Saltmg Do™- 

" The anthor has eiTcn the fullest, most practical, and, to all coacenied hi tho 
alkali trade, man valuable mass of iDfoitnatioa that, to our knowledge, has heen 
published in any language."— fi'fl/iflKn 

of the mmt appiDvtd fomu of apparatus are given, and these are accompamed by 
no less than 331 wnixl eigiavings, all of which mav be uied for the purposes of con- 
atniction. Every step ia the manulaclure is very niDy described in ihia manual, and 

the technical details of this trade receives the fullest attention. " — Ai/Uitaum. 

find here not merely a sound and lumiuuus explanation of the chemical principles of 
the trade, but a Dolice of DumerouB matters which have a most important beating 
on the successful conduct of alkali works, but which are ^nerally oveHooked by 
evoi the mint experienced technological ^\iibort."'-^kemtcal Rrvitw. 



A HANDBOOK OF THE ART OF SOAPMAKtNG, in- 
cluding the Manufacture of Hard and Soft Soaps, Toilet .Soaps, 
Medicated and Special Soaps, Bleaching and Purifying Oils and 
Fats, Recovery of Glycerine, &c. With a Series of Engravings. 
By Albxander Watt, Author of " Electro- Metallurgy Practically 
Considered," &c. Svo, [/n the Prtss, 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Nobmandv. Nrw EiHHoa. 
Enlarged, and to a great extent re-written, by HENRY M. NoAD, 
" ^ ■■ " "•" "' '^— . Cr. Svo, iIi.6rf,clQ'iu 
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Dr. Lardner's Museum of Sde?u:e and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited by 
DiONYSlus Labdnsr, D.CL., fonnetly Professor of Natural Phi. 
losophjF and Astronomy in University College, London, With up- 
wards of 1 200 Engravings on Wood. In 6 Double Volumes. 
Price £\ IS., in a new and elegant cloth binding, or hajidsomdj 
bound in half morocco, 3IJ. 6d. 



uii; Hfla wc iHTD Da icar inai men enlightened faith will meet wich disBppcint' 

" A cheap and Inletesting put>licati«i, alike infonnio; and attractive- The |Nipsi 
^Tdbiae Kut^ects of inpartancc and Ereat icienlific knawlcdee, CDcsiderable indue- 
« powen, and a popular itylc a( 1iiatiasnt:-—Sftclabrr. 

'"llui ■ MuKuDi of Sciencs ud Alt' ii the loou valuable conirihutioa tlutlut 
vir been made to the Scioitific tnstmclioD of every dma dF sth:iccr-" — Sir Datid 
■rrwitir in t/u NtrtJk Briluk RniiiB. 

" VpHiether we eoasideT ihe liberality and beauty of the Qlustrationa, the char 
ie wnting, or the durable intaeU of the matter, we must express our bdief 



',• Sffiarafe iooks formrd frsm the ahrvf, stdtabU fir Wiirtmetfi 
Libraries, Sci^Kt Classes, dr-c. 

COMMON THINGS EXPLAINED. Containing Air, Earth, Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, Clockl and 
Watches, &c 233 Illustrations, cloth gilt, ji. 

THE MICROSCOPE, Containing Optical Images, Magnifybig 
Glasses, Origin and Description of Uie Microscope, Microscopic 
Objects, the Solar Microscope, Microscopic Drawing and Engrav- 
ing, &C. 147 Illustrations, cloth gilt, 2s. 

POPULAR GEOLOGY, Containing Earthquakes and Volcanoes, 
the Crast of the Earth, etc aoi lUustraiions, cloth gilt, 21. 64. 

POPULAR PHYSICS. Containing Magnitude and Minuteness, tie 
Atmosphere, Meteoric Stones, Popular Fallacies, Weather Prog- 
nostics, the Thermometer, the Barometer, Sound, &c. 85 Olus- 
trations, cloth gilt, 2s. €d. 

STEAM AND ITS USES. Including the Steam Engine, the Lo- 
comotive, and Steam Navigation. 89 Illost rations, cloth gilt, 2J. 

POPULAR ASTRONOMY. Containing How to Otis£rvc the 
Heavens. The Earth, Sun, Moon, Planets. Light, Comets, 
Eclipses, Astronomical Influences, &c 1S2 lUustrations, 41. td. 

THE BEE AND WHITE ANTS : Their Manners and Habits. 
With Illustrations of Animal Instinct and Intelligence. 135 IIlus- 
trationa, cloth gilt, zi, 

THE ELECTRIC TELEGUAtU ■EO^'V3\-k-M?,tO, To renda 
intellieible to all who can Read, ines'pec.^vfe o^ k«i ■^w\™i^K«a- 

tihc Acquirements, the vai\t- ' = -' ■v-\»— v- ■■.- k,^ 

Operatioi -- '"--'— 
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Dr. Lardner's Handbooks of Natural Philosophy, 

•,* Tkr/aO/rmHrevrvillumrs, Vaiigk tach il CsmiliU itt ilsti/, md bi ir *«r- 
ckaaJi^TBlilj,/mfACoKeix.TsCovasB or Natuial FHiLosopuy, nwf on 

ixiruuts d^rtmiKi! sf Piysiail Sciiaer, vrirlurul fxrmiHg tiem acamiiitt to the 
mart fmJiiHnd millwds 0/ maAiimitical iicBtstiralian. TAt lijlc is $ludim$ly 
fnfu/ar. It kai brm Ikt author's asm W luMji Afaxnals suek ai are rrquirtd £y 
eirSludcn!, Ike Engitucr, tir Arlitan, and ihi luffritr claali in Sclaail. 

THE HANDBOOK OF MECHANICS. Enlarged and almost 

rewritten by Benjamin LokWV, F.R.A,S. With 378 IlluEtti- 

tions. Post 8vo, 6s. cloth. 

"ThcpersDicuity of the orifina] has been retained, and chapters which had 

tleCDme ahsDlete, hava been Teplaced hy othen of more inodcm character. The 

explanalLDDK IhniughDUt arc iludiouatv popular, and care has been tnken to show 

the application of the various hranches of physics to ttie industrial arts, and to 

the practical husines oT life."— ^liiitf •JnwrTtal. 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Loewt, 
F.R.AS. With 236 lUiistrationa. Post 8vo, JJ. dolb. 
"For those 'who desre to attain an accurate knowledge of physical science with- 
out the profound methods of mathematical invcstigatloD/ this work ia Dot merely in- 
tended, Vit well adapted." — Ckemiitii Nfuis. 

THE HANDBOOK OF HEAT. Edited and almost entirely 
Rewritten by Benjamin Loewy, F.R.A.S., etc 117 Illustra- 
tions. Po5t 8vo, 61. cloth. 

THE HANDBOOK OF OPTICS. New' Edition. Edited by 
T. Olvee Harding, B.A. 298 Illustrations. Post 8vo, %i. doth. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and 

ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 

B.A., F.C.S. With 400 Illustrations. Post 8vo, t,s. cloth. 

" The book cootd not have been entrusted to any one better calculated to preserve 

the terse and lucid style of Lardner, while correcting his errors and bringing up hil 

wnrk to the present state of sdenlific knowledge."— /'<>^A»- Scimct Rcvirai. 

Dr. Lardner s Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Forming a Com- 
pajiion to the " Handbooks of Natural Philosophy." By DlONV- 
sius Lardner, D.C.L. Fourth Ed i lion. Revised and Edited by 
Edwin Dunkin, F.R.S,, Royal Observatory, Greenwich. With 
38 Plalea and upwards of loo Woodcuts. In I vol., small Svo, 
550 pages, gj. td. , cloth. 



Dr. Lardnei^s Handbook of Animal Physics^ 

THE HANDBOOK OF A.i41M.KL tW^^'V^'i. "^1 "^"»- 
L/IKDNER. With 520 lUusliatnyoa, TAe« tStfiot, ■5™»Si ■*"'>> 

Ciotfi, 732 pages, 7J. &/. ... - .^„^i„«aTiY«»- 

'H'ehave^ohcilUtion in rotdlalW recommettliiVtl^. — Edw""™" 



96 WORKS IN SCIENCE AND ART, ETC., 

Dr. Lardnef's School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardnes. 

328 lUustraliona. Sixlh Edition. 1 vol. 31. &d. doth. 
"Cooreyj. in qlKMind precise Kims, general Botioiu uT all the prindpaj diyiiioni 
of Phyikml Sdentt"-/lniii* Q.arUrlr Rniitu.. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Labdnel 

With 190 lUastratioas. Second Edition. I vol. 31. 6d. cloth. 
"aeariyirrtiIi<!D.weUuniTiged.aiidexceUeiiIlyi>lusU3t«L" — Ganlimrt' ChvimU. 

Dr. Lardners Electric Telegraph, 

THE ELECTRIC TELEGRAPH. By Dr. Lahdner. New 
Edition. Revised and Re-written, by E. B. Bright.F.ILAS. 
140 Illustrations. Small 8vo, Zi. iid. cloth. 
"Oqeoftheinoil reidable baDlueiOiiE an [he ELeciric Telegraph."— £'>v..W«Ajiu(. 

Mollusca. 

A MANUAL OF THE MOLLUSCA; being a Treatise on 
Recent and Fossil Shells. By Dr. S, P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.I-S., F.G.S. Withnmntt- 
ous Plates and 300 Woodcuts. 3rd Edition. Cr. Svo, "Js. 6d. cloth. 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION; or, Geolt^ and 
Genesis, their Perfect Harmony and Wonderful Concord. By 
George W. Victor le Vai;x. Fcap. Svo, 51. cloth. 

lively of the a^umenli of those *ho would se't God". l^Drlt. sgalnst ^■s'woitL 
Noih] (Ufficully is shirked, and dq sophistry is left unexposed. ".-.7^^ Sffck. 

Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT. By Prof. J. R. Young. Jj. doth. 

Geology. 

A CLASS-BOOK OF GEOLOGY: Consisting of "Physiol 
Geology," which sets forth the Leading Principles of the Sdence( 
and ' ' Historical Geology, " which treats of the Mineral and O^anic 
Conditions of the Earth at each successive epoch, especial reference 
being made to Ihe British Series of Rocks. By Ralph Tatk. 
With mote than 250 Illustrations. Fcap. Svo, 51. cloth. 

Practical Philosophy. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev. 
John Carr, M. A., late Fellow of Trin. ColL, Camb. iSmo, 51. cL 

Pictures and Painters. 

THE PICTURE AMATEUR'S HANDBOOK AND DIC- 
TIONARY OF PAINTERS : A Guide for Visitors to Pictnw 
Galleries, and for Art-Students, including methods of Paintingi 
Cleaning, Re-Lining, and Restoring, the Principal Schools of 
Fainting. With Notes on Copyists and Imitators of each Master. 
By Philippe Darvl, B,A. Ct. ^lo, -y. Aofti. 
"A reaJ/y admirable dictiooari- ot pa,ml«5, -<>iOn -«e corf 
■SuiYi/^r. , , t ■,. 

"A guide to the authorship, ■t>ia\nv. an"! ".r"^^..^, 
lenlaJ knowledge neceaary to amaleuts. — ^tu- 



Clocks, Watches, and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir Ebmunb Beckett, Bart., LL.D., Q.C., 
F.R.A.S. Seventh Edition, revised and enlarged. Limp doth 
(No. 67, Weale's Series), 4^.6,/.; d.bds. y.6d. [yuH finished. 

"The besi irork on ihe subject Eilanl. Tbe ireadse on IkIU b uudoubttdly 
the best in the language." — Engmterittg. 

"The only modem tieattse on doct-maldng.'—^DTiiifmi/yM'THW. 

Tke Construction of the Organ. 

PRACTICAL ORGAN-BUILDING. By W. E. Dickson. 

M.A., Precentor ot Ely Cathedral. Second Edition, revised, with 

Additions, umo, v. cloth boarJs. 

" In msuiy respedi ihe book is Ihe best thai has yel appeared on the subject. We 

cordiaUy reEommend il." —ErtfliiH MtckaxU. . 

"The amateur buildet will find in this book all that Es necessary lo enable him 
personally to uonsmicl a perfect o^an with his own \oBi3."—Aiadcmy. 



A HANDBOOK FOR VOUNG BREWERS. By Hbebert 
Edwards Weight, B,A. Crown 8vo, 31. 6d. cloth. 
'* A thorouffhly scientific ireatLseiD popular language." — Afprnini^ Advertiser. 
" We wouIq particularly Teeommend teachers of the art to pla™ « in every pupil's 
hands, and we Ik] aim its perusal will be attended with aJvanlaj^"— Arruwr. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE- WARES: their 
Properties, Applications, Valuation, Impurities, and Sophistications. 
For the Use of Dyers, Printers, Drysalters. Brokers. &c By J. 
W. Slater. Second Edition. Re-written and Enlarged. Crown 
8vo, 71. &/. doth. 

Grammar of Colouring. 

A GRAMMAR OF COLOURING, apphed to Decorative 
Painting and the Arts. By George Field. New edition. By 
Ellis A. Davidson. lamo, 3J. &/. doth. 

Woods and Marbles {Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, as Taught and Practised by A. R. 
and P. Van der Burg, With afl fuU-siM Coloured Plates ; also 
12 Plain Plates, comprising 154 Figures. Folio, il. lis. 6d. bound. 

T'he Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
&om Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers, znd Edition, revised ; nearly 350 Engravings 
and many hundred Woodcuts. 3 vols, royal Svo, doth, 4/. lai. 

Field Fortification. ' 

A TREATISE on FIELD FORTIFICATION, the ATTACK 1 
of FORTRESSES, MILITA.R.'^ lA\"S\5i,C., raA. "^SK-i^^- 
NOITRING. By Colonel 1. S. Wkcmji-k:*. V^ ^t**»™ ^ 

fortification In the R. M. A... VJoeWvdi. Sw-Co ^^"^"^ a.wi™. 

Svo, cloth, with sepaiale Atlaa oi ia'S'\3^!e^ ^*s- "^■^-V'*^ ■ 
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Delamottis Works on Illumination. & Alphabets. 

A PRIMER OF THE ART OF ILLUMINATION; foi tht 

tuc of Bt^nnera : with n RudLmenta.r]' Treatise on the Art, Pru- 
tical Directions for its Exercise, and numerous Examples taken 
Irom Illuminated MSS., printed in Gold and Colours. By F, Deia- 
llOTTK. Small 4to, 9/. Elegantly bound, cloth antique. 
■■ Tlie tMmplii ofanciml MSS. fecomraendtd to the itudml, which, with roidi 

•Dod KTBc, the lulhor chnoMS iiom cullectiuni accssihie to all, arc selcEled wilb 

judpneDIMui Itnowledge, »i wellaitute.'— j4(A«urKHi, 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIAEVAL; 
from the Eighth Centnry, wilh Numerals ; including Gotluc, 
Church-Tent, German, Italian, Arabesque, Initials, Moni^raiiu, 
Crosses, &c. Collected and engraved by F. Dblamottk, and 
printed in Colours. Tenth and Cheaper Edition. Ro]^ Sto, 
oblong, 21. fid. ornamental boards. 
" For thou who [luen eoAmened sentencet round E^dcd chalices, who bbion (hop 

legeodi over shop-doon, who Letter church walls with pithy 5CDteiice3 from th« 

Decalopie, thi» book wilt beiue/ul.^< — Aikirutum. 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; including German, Old English, Sajcon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Ribanii, Gothic, Rustic, and Arabesque, &c., &c. Collected and 
engraved by F, Dklamotte, and printed in Colours, Eighthand 
Cheaper Edition. Royal Svo, oblong, is. 6U, ornamental boards. 
"There iscomptiscd in it every po^ble shape into which the letters of the plplabet 

ud Duaemls OLB be fon„td.'~S/aKJard. 

MEDIEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamo-ite. Containing 21 Plates, aid 
Illuminated Title, printed in Gold and Colours. With an Intra- 
duclion by J. Willis Brooks. Small 410, 61, cloth gilt. 

THE EMBROIDERER'S BOOK OF DESIGN ; containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaeval and Modem Alphabets, snd Nationil 
Emblems. Collected and engraved by F. Delamottb, and 
printed in Colours, Oblong royal Bvo, ir. 6ii. ornamental wrapper. 

Wood- Carving, 

INSTRUCTIONS In WOOD-CARVING, for Amateurs; wili 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, 2J. 6rf. 
" The handicraft of ihe wood-carver, » well as a book tan impart it, nuTbclemI 
ftom -A lady's ' publicatian,"— .^/.IfluraiiL 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Hislotla! 



enlarged. WithFrontispieceandVignette. losmall Bvo.Jf. W. cIoIIl 
'," nil Work has been, adoftrd. os a Priu-bwli in ifce Scknalitf 
Art at South KennHg,loH, j.- n 1. 

^ofltains a (argeammintof oriBr.J ™««.'»^^iJ,?^o^t7™«™^'«^ 
«pc!i may b= learned, ever, by those -J^" ^^J^'^^^ta-^ir-A-flSS 
ftecarerul perusal of lluiuoptetendmBtulcompi™™ "■ 
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AGRICULTURE, GARDENING, ETC. 
Yotiatt and Bum's Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Yovatt, Esq., V.S. I21h Edition, very con- 
siderably enlarged, and brought up to the present requirements of 
agricultural practice. By ROBERT ScOTT BURN. One large Svo. 
volume, 860 pp. -vrilh Z44 lUnstrationa. i/. Ii. half-bound. 
*' The stan^rd and iexi-boot£» with the farmer and graziet.'^ — Fanner'i Magoiitu, 

*£ncultLirD C]i[liitc&.'' — Mark Laru Exprtsx- 

History, Struciure, and Diseases of Sheep. 

SHEEP ; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C, Spooner, M.R.V.C, &c. 
Fourth Edition, with fine engravings, including specimens of New 
and Improved Breeds. 366 pp., 4J. doth. 

Production of Meat. 

MEAT PRODUCTION. A Manual for Producers, Distributors, 
and Consumers of Butchers' Meat. Being a treatise on means of 
increasing its Home Ptodaction. Also treating of the Breeding, 
Rearing, Fattening, and SlauRhtering of Meat-yielding Live Stock ; 
lndicationsoftheQuality,etc. ByJOHNEwART. Cr. Svo, 5j. clolb. 
"A GDinpai:! and handy volunii: on Ihe neat qu«Iion, which desEives Hiious and 
thoughlTul cooMderalion at the prewaii rime,"— JWm/ and Prmiiinn Trade f Xevievi. 

Donaldson and Burns Suburban Farviing. 

SUBURBAN FARMING. A Treatise on the Laying Out and 
Cultivation of Farms adapted to the produce of MQk, Butter and 
Cheese, Eggs, Poultry, and Pigs. By the late Professor John 
Donaldson. Witli Additions, Illustrating the more Modern Prac- 
tice, by R. Scott Bt!RN. lanio, 41. cloth boards. 

English Agriculture. 

A TEXT-BOOK OF AGRICULTURE (THE FIELDS OF 

GREAT BRITAIN), adapted to the Syllabus of the Science and 

Alt Depaitment. For Elementary and Advanced Students. By 

Hugh Clements (Board of Trade}. With an Introduction by 

H. Kains-Jackson. iSmo, %s. W. cloth. 

" Adearly written drtcriplion of the otduiaryroutme of English iHrm-life." — Land. 

*'A carefully writtealeat-booL of A^culture." — Atkeibntm. T^Ectfmnnisi- 

"Amost comprehen'dve vnlume, giving & mass t>f ttdbrmatioiL" — Agncuituraf 

Modem Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Bottn. 
Soils, Manures, and Crops — Farming and Farming Economy- 
Cattle, Sheep, and Horses — ManagevneW at \.'Qe Xla.\Ti,Y\f^, ™&. 
PouJOy— Utilisation of Town Sev)a.5.e, 'VTii^a.Mva^, ?i-'i- '^•S-'^^ 
Edition. In i vol. 1250 pp.. bait-'bo™*. ^^o^msA^ "^"^'^'^'^^-iS^ 

"rim ij sufficient slated within Ihc \imiti o! IhVi weaiuK Vi %i«n™i. -- 
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The Manageinent of Estates. 

LANDED ESTATES MANAGEMENT: Treating of the 
Varielies of Lands, Methods of Fanning, Fann Building, Inigalioc, 
Dtainage, &c. By R. ScOTT BuRN. lamo, Jr. cloth. 

The Management of Farms. 

OUTLINES OF FARM MANAGEMENT, and tie Orgsnia- 
lion of Farm Labour. Treating of the General Work of the Fann, 
Field, and Live Stock, Details of Contract Work, Specialties of 
Labour, Economiral Muiagemcllt of the Fonnhouse and Cottage 
Domestic Animats, Aic By Robert Scott lit;Ri4. izmo, 31. 

Management of Estates and Faiins. 

LANDED ESTATES AND FARM MANAGEMENT. By 
R. Scott Bukn. (The nbove Two Works in One Vol.) fii. 

Hudson's Todies for Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT: being Tablei, 
on B very much improved Phui, for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provindal 
Customary Acres to Statute Measure, &c By R. Hudson, CE. 
New Edition, royal 32mo, leather, ||ilt edges, elastic band, 41. 

Ewart's Land Improver's Pockct-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FOR- 
MULvE, TABLES, and MEMORANDA, reqniied in any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
perty. By John Ewakt, Land Surveyor, jamo, leather, 4J. 

Complete Agricultural Surveyor's Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM. 

PLETE POCKET-BOOK ; consistiQg of the above two worti 

bound together, leather, gilt edges, with strap, 7j. 6rf. 

" Weccmider Kud-^on's Ixnk to tvdiebest nady-reckoDcr qa matKrs nlatiiff Lt 

the valuation of land and ctops >r= have ever jmd. lad its combination wilh Mt. 

Ewarl'i woA greatly mhanois the value and usefulness of the latler-mentioqod.— 

It ii iDaH useful u a manual fa rcTsrence."— A'^ni a/ Eiitl<"td Farvtir. 

Grafting and Budding. 

THE ART OF GRAFTING AND BUDDING. ByCHAltLis 
Baltet. Translated from the French. Wilh upwards of 180 
Illusttaiions. larao, 3J. cloth boards. 

Culture of Fruit Trees, 

FRUIT TREES, the Scienti6c and Profitable Culture of. In- 
cluding Choice of Trees, Plantitig, Grafling, Training, Restoration 
of UnfruitfulTrees, &c From the FrenchofDtl Breitil. Fourth 
Edition, revised. With an Introduction by George Glenny. ar.cL 
"The book leadhei how to prune nnd Kain fruil-lreK to perfection."- Fuld, 

Potato Culture. 

POTATOES, HOW TO GUOVJ X^Tl ^.taO'^ -YW-tTR.. *. 
Practical Guide to the CiiUiva.\.ioTv ani Geuwi\-\«^TO^*-!^ 

Poia(o. By James PiNR. mvh Ifi^vrsv^™^ ex.W,-u.*. 
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Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING i or, How to 
Grow Vegetables, Fruits, and Flowers. With Practical Notes on 
Soils, Manures, Seeds, Planting, Laying-out of Gardens and 
Grounds, &c. By S. Wood. Third Edition. Cr. 8yo, 5j. cloth. 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING; or. How to make One 
Acre of Land produce jf 620 a year, by the Cultivation of Fruits 
and Vt^etables ; also. How to Grow Flowers in Three Glass 
Houses, so as to realise ^176 per annum clear Profit. By Samuel 
Wood, 3rd Edition, revised. Cr. 8vo, 21. cloth. 

fCDtlvman'i Eudcao, but 10 the market grower." — GardiHtr's Magasiite, 

Gardening for Ladies. 

THE LADIES'MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateur's Complete Guide. By S. Wood. Cr. Svo, 31. 6/. 

Sulb Culture. 

THE BULB GARDEN, or. How to Cultivate Bulbous and 
Tuberous-rooted Flowering Plants to Perfection. By Samuel 
Wood. Coloured Plates. Crown 8vo, y. td. cloth. 

Tree Planting. 

THE TREE PLANTER AND PLANT PROPAGATOR: 
A Practical Manual on the Propocation of Forest Trees, Fmit 
Trees, Flowering Shrubs, Flowering Plants, Pot Herbs, &c. 
Numerous Illustrations. By SAMt;EL Wood, izmo, Zi*. Ga'. doth. 

Tree Pruning. 

THE TREE PRUNER: A Practical Manual on the Pruning of 
Fniit Trees, their Training and Renovation ; also the Pruning of 
Shrubs, Clinibers, &c By S. Wood. lamo, 2i. bd. cloth- 

Tree Planting, Pruning, & Plant Propagation. 

THE TREE PLANTER, PROPAGATOR, AND PRUNER. 
By Sa»cueL Wood, Author of " Good Gardening,"&c Consisting 
of the above Two Works in One Vol., 5^. half-bound. 

Early Fruits, Flowers and Vegetables. 

THE FORCING GARDEN : or, How to Grow Early Fruits, 
Flowers, and Vegetables. With Plans and Estimates for Building 
Glasshouses, Pits, Frames, &c. By S, Wood. Crown Svo, 31. td, 

J^arket Gardening, £tc. 

THE KITCHEN AND MARKET GARDEN. By Con- 
tributors to "The Garden." Compiled by C. W. Shaw, Editor 
of "Gardening Illustrated." izmo, jj. 6d. cl. bds. \Jmt pitblUhtd. 

Kitchen Gardening. 

KITCHEN GARDENING MA.T)E. ■E.Js.S^, B^-^rfvct^^w "w 
prepare and Jay out the ground, the 'bcslnieaus rf^saJCiviuiiaJS.e.-i's^ 
inowu Vegetable and Herb, etc By G.M.-«.ti^«*^'*- ■^■'™^'"- 
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'A Complete Epitome of tJu Laws of this Country' 

EVERY MAN'S OWN LAWYER ; a Handy-Book of Ihe Prio. 
ciples of Law md Equitj. By A Barrister. New Edition. 
Coirected to the end of last Session. Embracing upwards of 
3,500 Statements on Points of Law, Veiificd by the addition at 
Notes and References to the Authorities, Crown Svo, dolj, 
price &!. %d. (saved al eveiy consultation). 

COMPRISING TKK RIGHTS AND WRONGS OF INDtVIDUAlS, MERCANTILE 
ASD COMMERCIAL LAW, CRIMINAL LAW, PARISH I 




THE APPRAISER, AUCTIONEER. BROKER, HOUSE 

AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Lenses, Annuities, and Reversions, and of property generally ; 
with Prices for Inventories, &c By John Wheeler, ^lucr, 4c 
Fourth Edition, enlai^ed, by C. NORRIS. Royal 32010, cloth, 51. 
mventoria, > practical guide 10 delennuie the value of fumiiure, ^ii^'—StiBuUTi, 

Auctioneering. 

AUCTIONEERS : THEIR DUTIES AND LIABILITIES. 

By Robert Squibbs, Auctioneer. Demy Svo, loi. dd. cloth. 

" Every aucUoneer and valuer ought to pn^eis a copy of this valuable »«t."- 

House Property. l/™«wv<* 

HANDBOOK OF HOUSE PROPERTY : a Popular and Prac- 
tical Guide to the Purchase, Mortgage, Tenancy, and Compulsory 
Sale of Houses and Land ; including the Law of Dilapidalions oA 
Fiitures, &c. By E. L. Tarbuck. 3rd Edit, lamo, jt. &/. dolh. 
;W.««,lad_ tote able. otecMimadil.".-^,,,-^ \Ju,t Imblis)^ 

" TTie advtce 11 thoroughly practical —ioiu y™™ili ' 

Metr<^olitan Rating. 

METROPOLITAN RATING : 
ieard before the Court of Oewctai 

minster, in the years iX7l-S.Q \i«:\M5v)t. to«tMamii.\asg 
o[ very valuable informat^oti wMti Tes-?e^ \.o SjAt-^^. . 
ways. Gas and WaterworVa. Tranv«a-jJ.NNVa.«^^-idv*t 
&c. By EDWARD and A. WR^idu^^^"- <^i. 



PHILADELPHIA, 1876. 
THE PRIZE MEDAL 

Wii »»rdtd lo Ihfl Publilhcij for 

Sooki : Bndimentsr;, Eeientific, 
"WEALTS SERIES," ETC. 
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WEALE'S SERIES 

RUDIMENTARY SCIENTIFIC, EDUCATIONAL, 
AND CLASSICAL. 
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IS* ■' WEALE'S SERIES includes Text-Books on almost erery branch of 
ScisDce and Industry, comprising such subjects as Agriculture, Architeclure 
and Building, Civil Engineering, Fine Arts, Mechanics and Mechanical 
Engineering, Physical and Chemical Science, and many miscellaneous 
Treatises. The whole are constantly undergoing revision, and new editions, 
brought up to the latest discoveries in scientific research, are constantly 
issuM. The prices at which they are sold are as low as (heir excellence is 
tasand."—Ameriain Lileraty Caiilte. 

"Amongst the literature or technical education, WEALE'S SERIES has ever 
enjoj'ed a high reputation. aDd the additions being made by Messrs. CkOSbV 
LocKWOOD « Co. render the series even more complete, and brinr ■'-~ '-'~ 
mation upon the several subjects down (o the present tr-" 






■' It is impossible to do otherwise than b 
WEALE'S Series."— Ensinwr. 

" Everybody— even that outrageous nuisance ' Every Schoolboy '—knows 
the merits oE - WEALE'S Rudimentary Series.' Any persons wishing lo 
acquire knowledge cannot do bettor than look through Wcaie's Series and 
get all the books they requiru. The Series is indeed an inexhaListible mine 
oi literary wealth."- rfie itctrofolilan. 

■• WEALE'S SERIES has become a standard as well aa an unnvalled 

eolliction of 




CROSBY LOCKWOOD & CO., 

7, stationers' hall court, LUDGATE hill, IXJNDON, K-C 




ARCHITECTURE, BUILDING, ETC. 



16. ARCHITECTURE— ORDERS— liie Orders and their .^slhelil 

Principles. firW. H.Lreds. IlUstrAtul. >i. M. 
ij. ARCHITECTURE— STYLES— Tb^ History and Descriptiooot 

Chs Stylei nf Archilecturo nf Varioui Conntriw, from tbe Earliojt " "^ 
PrcHot Period. By T. Talbot Bdrv, F.R.I.B.A., tm. Itlistrated. 

l8. jiJeV^/ricrWR™ iJ£5/l7^— Th^'Mndples'*^' Design ti 
Arcbitecturc, as deducibia from Nature and Mornplificd in ■'-- "' -•- -"^ 
GrMltandGolhicArcliilEctj. ByEX.G^inaiTT.ArcbiMdt. 
••• Tkt l/ini prtitditn Worht, in One kanilsame Vcl., half 

11. THE ART OF BUILDING, Rudimenta of. Genial Prioripln 
of Coojtraetion, Malwiil! osed In Bnildidg, StmngUi and Dh ' " ' '" 
WodciDE DrawlngE, Spcciacationi, and Eitlniatei. By E. Dc 

ij. BRICKS AND TILES, Rudimentary Treatise on the Manufit' 
turcof; containine-anOntUneof the Principles of BnckmoMnjr. BrKmn 
DoBSOH, M.R.I.B.A. With Addition! by C- ToHLiNsoN, F.R.S. tllii>traud.]<l 

*S. MASONRy AND STONECUTTING ; in which the Prindplo 
of Muonlc Frojcctian and their application lo the Constmctlon of Curnl 
WlDg-Walli, Oomei, Oblique Bridges, and Roman and GolMc Vanlti^ 
are explained. By Edivarb Dobson. M.K.I.B.A., las. ii. fid.J 

44, FOUNDATIONS AND CONCRETE If OiEA'^, a Rudimentaij 

Treati« nn ; contaLnine a Synopii. of the principal caiei of Four ' - 
Worlci, with tbe usual Model of Treatoieut. and Pri.ciical Rents 
Foofiugs. Planking, Sand. Concrete, fl^ton. Pile-driving, CaiHor 
ColTerdams. ByE. Dai!SOH,M:R.I.BA., Slc. Fifth Editloo, revised. 
4z. COTTAGE BUILDING. By C. Brdce At.len, Archilecl. 
»iDtli Edition, revised and enlarged. Numerous II luitrstions. n.M. 

45. LIMES, CEMENTS. MORTARS, CONCRETES. MASTICS, 

PLASTERING. Icc. By G. E. BUKfnitL, C.E. Twelfth Edition. n.6l 
57. WARMING AND VENTILATION, a. Rudimenlaiy TreUit 
on; beineaconeiwEiposilion of IheGeneialPrlotlplesof the ■--""— 
in? and Ventilating Qamestic and Public Buildings. Mines, 
5h.ps, kc. By C»AB1.S5 ToMIDisoK, F.R.3.. Sc, Illustrated. ,-. 
B3". CONSTRUCTION OF DOOR LOCKS. Compiled fiom 

Papers of A. C. HoBBS, Esq., of New Ynik. and Edited by Chahibs Tor 
liBSOK, F.R.S. To which Is added, a DeK:ription of Fenbj'a Patent Ifltfa 
andaNoteupOBlBON SAFBsbyRosERT Mu-LST, M.I.C.E. lUui. atJI 
lit. ARCHES, FIERS, BUTTRESSES, &<:.: Eipoimeiital Kart 
uu the Principles of Constmclion in ; made with a view to their belKf «■• 
Id tbs Practical Builder. ByWltLlAH BLAND. Illmlraled. i" " 

tl6. THE ACOUSTICS OP PUBLIC STJ rLD ItlGS , 



WEALES RUDIMENTAHY-SERIES. 3 

Architecture, Building, etc., cimKnvfd. 
137. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

Bj T. A. RiCHAKDSOs, ArcUtect. lllushated. la. 6d. 

128. VITRUVIUS—THE ARCHITECTURE OF MARCUS 
VtTRUVIUS POLLO. In Ten Books. Tramlaled from the LrHq by 
JOSBPH GwiLT, F.S.A., F.RA.S. With bj Plate, S". 

130. GRECIAN ARCHITECTURE, An Inquiry into the Priuciplea 
of Beaotyinj wilh an HialoricalVimv of IhoRisoand Progreu ofthoArt In 
Greece. BylhB EjlntoF Abebdhen. is. 
■.• The hBnpnaimg Work^ in O-r: >midm«r I'tl.. ha// inuad, nlitUd "AmaBHT 

132. DWELLING-HOUSES, a Rudimentary Treatise on the Erection 
of. ninitratea by a Pcrspodivo View, Plins, Elevations, aod SecUonj of a 
pairof Semi-ddtscfaed Villas, will) the t,pecl£catiDn, Quantities, and 'Esti- 

BinSiin™. Kysi'Hf^MOKS. Arkit"cl?^New Edit'ion.w'ith PiIib! m . 6dJ 
156. QUANTITIES AND ME ASUREMENTS.nav to C^lcoMesaA 

Take Oxm in Bricklayers', Masons', Plasterecs', Flumbets', Painters' Paper- 
hangen', Gilden'. Smiths', ■ Caipcntsrs', and Joiners' Work. By A- C. 
BlATON, Aiohilect and Surveyor. New and Enlarced Edition. lUus. ». 6d. 

175. LOCKWOOD ^ CO:S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, for iSBj.conCainiDC the latest PHceiDl all kinds of Baildm' 
Materials and L^bonr, and Dl all Trades connected with Buiidiog, be, Ike. 
Rniied and Edited by F. 1 . W. Mlu.BR, Atcbicect and Sotveyor. 11. fid. ; 
hall bonnd, 4s. \3tist pith&hai. 

iSz. CARPENTRY AND yOINERY—TsE, EumiENTAaT Pkiw- 

CIK.B5 OF CAHrEHTKy. Chiefiy composed from tho Standard Work of 
Thdhas I'kedsold. C^ With Addition! from the Work) of Ihe mosl 
Recent Aolhoriiiei, and a IKEATiSt: ON JOINERY by E. WvKnuAU 
Takh, M.A. NnmeroDi I)luBtn>liD09. jt. Ed-I 
«82«. CARPENTRY AND JOINERY. ATLAS of 35 Plates to 
nccompaoytheatiove. Witfi Descnptire Letterpress. 4to. e«.; c1olh,7s.6d. 

187. BINTS TO YOUNG ARCHITECTS. By Geohgb Wioht- 

WICK. New, Revised, and (Blarged Edition. Hy G, HUiKtssOM GuilLiUUB, 
Architecl. With numero as Wooden Is. js.fidj 

188. BOUSE PAINTING, GRAINING. MARBLING, AND SIGN 

WRITING t A Ptactip], Mannal of, containing full information on the 

Sign-WritinB, Ibo Priociples'of Decoiative Art, a CoorsB of Elementaij- 
DrawinelbrHouie-Painten, Wiiten, Sk., &C. Witb g Coloured Plates of 
Woods and Marbles, and nearlv 15a Wood EogravinES. By Euja A. 
DAVmsoH. Third Edition, revisad. Jg. dotb timp ; 6s. clotli boarda. 
1B9. TBE RUDIMENTS OP PRACTICAL BRICKLAYING. 
In Sis Sections: Gonoral Principles; Arch Drawing. Cuttine, and Settidgj 
Pointing; Paving, Tiling, Materials; Slating and Plastering; Practical 

IQJ. PLUMBING. A Teit-Book to the Practice of the Art or Craft of 
the PJumher. With Cbapterri Dpon House Drainage, embodying the latest 
lUiuWatlons. 'ByWP.BtcajS.^ilaryEngineor. is. 6d.t' '^ °'^ ^^° 

igj. THE TIMBER IMPORTER'S, TIMBER MERCHANT'S. 

uid BUILDER'S STANDARD GUIDE ; comprising copious and valu- 

nblB Memoranda for tie Retailer and Builder. By RICHARD E. Gkandt. 

Second Edition, Revised, u.t 

,205. TBE ART OF LETTER PAINTING MADE EASY. By 

, includine. 



eci!N qft"DwOtt ■MV^^^Wt^^tii.'twmi^ 
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n-EALES RUDIMENTARY SERIES. 



Architecture, Building, etc., continued. 

aa6. TUB yOINTS MADE AND USED BY BUILDERS in tbe 
Coiutnictiaii of Tariou kib^ af Eo^qeeciDE and ArchiiiPcEural Worki (A 
Pnctiul Ti«4tise oq). Wilh aprc lal rcferenco ia thofe wrougbt by Arli- 
ticot in Rncline ud Finutuns Hibitabtc JSmcCniES. Bj WtVtu. J. 
Cmusn. AithiWtt. Withnrwardiof 160 Engrayinjaon Wood. H.! 

2*8. THE CONSTRUCTION OP ROOFS OF WOOD AND IRON 
{Ad ElemenUiT Tiutiie on). OFducBd rbtrer from tbs Werki M Rebiuo. 
Iredgold, and Humher. Bj E. Wvhdhah Taxk, Mjl., Atchlieel. With 
nmnErDni lllultiatiaitt. u. 6d. iymt fuilizkcd. 

139. ELEMENTARY DECORATION: A Guide to the Simpler 
Fomii of Eccrvday An, u applied Id tbe Inttrior and EnerioT DcconlJim 
of DvelliDg-Kotisei, Sc. By Jahi« W. Facxv, Tun. Uliutiaud wMi 
SuttT-ewhl eiplanalory Engravtngs, printipally from DMigm bt tlia 
Anew. u. [7u/jt«^»W. 

J30. HANDRAILING (A Practical Treatise on). Showing Kew and 
Shiple Mctbodi for 6tidiiii; tbs PEtcb o( the Plank, Diawing ihs MonUi, 
Bmriline, Jointini(-np, and Squaring the Wtealh. Ey GlOROB CoujKOl. 
llliiittawd*UhFraiciandDi3Biam.. h.M. IJuit p^illiliii. 

CIVIL ENGINEERING, ETC. 
J19. CIVIL ENGINEERING. By Henry Law, M.InsL C.E. 
lacladinr a Treatiw on Hidhaduc E^oiKe»EI«o by Gio. K. Bumeu, 
M.Init.C.E. Siith Edition, tevited, httr Lahoi Additions oh Keuiti 

PaACIiCI IS ClVIt BBDr^RKHIBD, by D, KlNHBAE CtARK. M-Init C.E, 

Antborof" Tramway! : TbeirConstiuclion," &c. 6>. 6d., ClDlbbaiudi.;t.6i£ 
31. WELL-DIGGING, BORING, AND PUMP-WORK. By Joan 

Gsoaoii SwiMDHtL. A.R.I.B.A. New Edition, bjG.R.BuBHBU., C.E. i>.M. 
35, THE BLASTING AND QUARRYING OF STONE, for. 

Building and otber Pnrpoiea. With Reraatka on tbe Blowine up of Bridget. 

By Gen. Sir John BuioOVNIt, Bart., E.C.B. lllurirated. is. 6d. 

6a, RAILWAY CONSTRUCTION, ElEraeotary and Ptacticd In- 

ittDctioni on tbe Science oL By Sic M. Stepuinson, C.E. New EdilioL 

by EowAiD NuQiNT, C.E. 'With Statistics of the Capital, Dividendi. an] 

WorkiriB of RaiiwBvi in theUnitea Kingdom. By E. D. Chatiawav. 41. 

So". EMBANKING LANDS PROM THE SEA, the Practice oL 

Treated as a Means of FroElable Employment for Capital. With Eai 
and Particolarsofactual Eojl)aai™ent!,ac. By T. Wicoms. E.GJJ. „. 
81. WATER WORKS, for the Supply of Cities and Tovms. With 
a Description of tbe Piiocipal Geoloeical Formation) of Snglaad a in- 

« •_.. 1- — ,__ _,-. - "Details of Enmnei and PumpinBMadiinnJ 

rcHHS. F.gJ., C.E. New Edition. u4 
■"", an Elemcnlaty and Pmc 
LlSD the Method ofCondncliu 
S.ibterrsneoui Surreys without the Dm of Iho MaKnclic Needle, and ■' - 
Modero ItDprovemenU. Hy Thohas Bakrr, C.E. Illnstnted. a. I 

Hi. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 
of. By David Stsvensom, F.R.S.E., *c. Plates and Dlairann. jj. 

197. ROADS AND STREETS (THE CONSTRUCTION OF), 
in two Parti; I. Tub Am of Constroctiho CojmoK Roads, by H«sw' 
Law, C.E., revised by D. K. Ci.ABit, CE.: II. Rbcesi Practicb, ine'"'"-- 
pavements of blone. Wood, and Asnballe, by D. K. CtAKK. *]. fid.t 

103. SANITARY WORK IN THE SMALLER TOWNS AND lit 



HuGHK, C.E. Siitb Edition, re-written and much 'Enlaimd byWiLtiUl 
EiCHAac5, CE. With 71 Illnitrationi. as. 6d.t 
I. PIONEER ENGINEERING, ft. Tieafise on the Enetaeerinj 
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WEALE'S RUDIMENTARY SERIES. 5 

MECHANICAL ENGINEERING, ETC. " 

33, CRANES, the Construction of, and other Machinery for Raisiuc 

H?»yl)L>di«. By roaiii'H Glvnh, FJLS. lUiutratcd. 11. 6d. 

34, THE STEAM ENGINE. By Dr.LARDNER. Illublmled. is. 6d. 
tg, STEAM SOILERS: their Constniction and Manaeenient. By 

° " '-" lUusi--- ' ■ " " 



[Jmi fuilisktd. 
87. THE POWER OF WATER, as appUed to drive Flour Mills, 

andcorlvcnotioa toTuibinci, ftc. Bv Josefh Glyhh, F Jt.S. ii.t 

98. PRACTICAL MECHANISM, the Elements of; and Machine 

Tooti. ByT. Hakes, C.E. Witb Additioni bv T.Nashvtu, C.E. ii.fid.t 

139. THE STEAM ENGINE, a Treatise on the Mathematical Theory 

of.wilhRuIeiMdEiamplHfi.rPraeticalMeo. BvT. B>kbii. C.E. ii.6d. 

l6z. TSE BRASS FOUNDER'S MANUAL; Instiuctiona for 

Modcllibg, Plttsrn-MaMDg Moulding, TurniDg, Filing, Bumllhiig, 
Broniing, Ic. With copioiM Receipti, Sc ByWALiBR GnAiUH. ii.t 

164. MODERN WORKSHOP PRACTICE, as applied to Marine, 

I^and, and LoconiDlHie Erginu, FLoatin); Docks, brEdeine Muhlnu, 
BridB«,C7=n«,Ship-build!nB,ac.,ac. BylG.WlNTOK. lUnslrattd. 3.4 

165. IRON AND MEAT, exhlliiting the Principles concerned in the 

Consiriiciion of Itun Bram!, Pillan, and Brides Gitdeti. and Iha Action of 
HMt in ilin Smellinc ('linincc. By J. Armouk, C.£. as. 6dt 

166. POWER IN MOTION: Hotse-Power, Toothed-Wheel Gearing, 

167. IRO^n" BrTdg'es!^ CIIiDER^^lfodESy ' AND°"oTHER 

WORKS. By Fbakqs Campin. C.E. is. 6d.t 
171. THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By JoHH Maxtoh, Eae:iiieer. Fourth Edilian. IlluiCnted 

19a St£am'"aNd"/S& "sTEA^' ENGINE. Stationary and 
Portable. Being an eileni,mii of Mr. Jalm Scwcll'.^ " Treatise on Stsam." 
^J),K.C[jlnK, M.l.C.E, Second Edilion, reviled. JS. 6d.t 

aoo. FUEL, its Conibuslion and Economy. By C. W. WiLLiAMS, 
AJ.C.E. With extensive additions on RKenl Fraclice in [he Conbnition 
andEcDnomy of Euel—CoAl, Cote, Wood, Peat, Petroleum, lie.— biD.Jt. 
CuaK, M.l.C.E, jtid Edition. 39. 6d.l 

aoi. LOCOMOTIVE ENGINES. By G. D. Dhupsev, C.E. ; with 
large addilians by D. Kinhbak CtAnK. M.l.C.E. ji.t 

211. THE BOILERMAKBR-S ASSISTANT in Drawing, Tem- 

f'atlng, and Calculating Boilci and Tank Work. By John Codsimv, 
ractKal BoHer Maker. Edited by D.K. Clark, C.E. ido lUuilracions. is. 

216. MATERIALS AND CONSTRUCTION; A Theoretical and 

Practical Treatise on the Strains. DeiiKoing. and Ersction of Worlu of Con- 
ilmctinn. By Francis Cauhk, C.E. js.t 

217. SEWING MACHINERY: Its Constraction, Histoty, &c., with 

full Technical DirecliDni for Adinaling, lie. By J. W. UngyHART, C.E. n.t 
223. MECHANICAL ENGINEERING. Comprising Metallurgy, ■ 
Mouldins, Casting, Forgine. Tools, Woikihop Machinery, Manufacture ot 
theSteanEneine, &c. By^RANCia Cahpih, C.E. 21. 6d,; 

324. COACH BUILDING, A Practical Treatise, Historical and 
235. FRAiTlCA^ ORGAn'SuiI'dING. By W. E. Dickson, 



M.A.. Precentor of Ely Call 



;ffi 



and Foremen Engineers. Bv tRASUls C(.>1T1-*,CS.. i\.-.\' 

THE SMITHY AND F()«GE ; iQcVuivQe.'i^t'^' 

Crtach SmrtMnR-. By W. J. E. CHK-J-tt. TOMVm^^fe. 

y T/,g i indicatti ihlf IhKI-vols, ina y bt had ■Ijynga-^l'j 
7, stationers' HALl. COURT, \.-UX>GN."^^ "^ 



6 wkale's rudimentary series. 

SHIPBUILDING, NAVIGATION, MARINE 
ENGINEERING, ETC. 

SI. NAVAL AMCHITECTURB, the Rudiments of; or an Expod- 
tioB of tho El™™ary Prfncipia of the Science, and their Practiwi AppM- 
calion to Naval Conilnictron, Conrpilrd for the Use of Beginmn. ^ 
' Uhbs PiAKi. SdioDl of Naval An^itecture. H.M. Dackfard, PoitimauUi. 
Fourth Edition, coirecled, with Plates and Diagiam>. «, Bo.} 

ti*. 52///'S i'OJE OCEAN AND RIVER SERVICE, I 
and Practical Principle* of the Conitmclion □(. By Haxon . 
«tBI. Snrveyor of the Roval Norwegian Navy. Wilh an Appendii, iLtt 

53«». AN ATLAS OF ENGRA VINGS tolllqstrate the above. Twd»e 
large folding pUta. Royal Jto, doth. ™, 5d. 
S4. MASTING, MAST-MAKING, AND RIGGING OF SBIPS, 

Kadtmenlaiv Treatise on. Alio Tables of Spars, Kienne, Block: Cliiu 
Win, and Bemp Rap«, be, rolnlive to every c]b» of vesieli. -Wilhin 
Appendix ofDunnsioni of UoituudYardsofllieRnyalNavy. ByRosnff 

S4». IRON°'smP-BUILDING. WithPiactic^ Examples and Delaa 
for (he U» of Ship Owners and Sblp Builders. By John Ggantuah, Cm- 
.oltingEneiiifer and Naval Architect, s'h Edition, with Additions, a. 

J4"». AN ATLAS OF FORTY PLATES to Illustrate the abora. 



'^.?'"'?^^. 
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5S. THE SAILOR'S SEA BOOK: a Rudimentaiy Treatise ot 
Navigation. Part I. How w Keep lie Li^ and ^Vork it off. Part 11. CK 
Finding the Latitude and Loneitude. By James Grhbnwood, Bj\. A 
which an added, the Deviation and Error ot the Conpasa ; Groat Cud* 
Siillnei Iho International IComniercial) Code of Signals: the Rule ot fc" 
Road at Sea; Rocket and Mortar Apparatus for Saving Life; the Lawrf 
Storm. ; and a Mrief Dictionary of Sea Terms. With DDmeroui WoodcMi 

80. MARINE ENGINES, AND STEAM VESSELS, a Treathft 
on. Together with Practical Remarks on the Screw and PropeUini; Pawn 
as used in the Royal and Merchant Navy. By Hdmbi Uoi.ii*T, CJL. 
Engineer-Surveyor ID [he Board of Trade. With a Glossary of Ted)si3 
Termi, and their Equivalooi* in Frtnch, German, and Spanish. Sevmk 

83iw. TNEFORMS^OP SHIPS AND BOATS: Hints, Eipoiinenk 

ally Derived, oo soraeof the Principles regnlating Ehip-buildmr. Br 
Bland. Seventh EditiDt>,renMd,williiiBnieroiuIllustratiaoaaadH(adi.i 
99. NAVIGATION AND NAUTICAL ASTRONOMY, fat 
and Practiri By Professor 1. R. You-c New Edition, inclnc 
requisite El^menls from the Namical Almanac for working Ibe P 

Illustrated, is. 6d. \jfmtf31S1 

lOO*. TABLES intended to facilitate the Operations of Navigatjon aid 
Nautical As^Tiomy, as an Accompaniment to the above Book. ByJ.K 

ip6. SHIPS' ANCHORS, a.Tre3.tise on. By G. Cotsell, N. A. is 6cL I 
IM, SAILS AND SAIL-MAKING, an Eletnentary Treatise <a. I 
With Dtauclitirg, and the Centre of Effort of thn Sails. Also, Wddlifl 
and Si!e> of Ropes : Masting, Rigsins, and SaHs of Steam Vessel! ftTC* 
Eleventh Edition, enlarged, with an Appenflin. By Rohbht Kirnsa NX 
Sailmaker, Quayside, Newcastle. Illustrated. IS. M.t 
ISJ. THE ENGINEER'S GUIDE TO THE ROYAL 

MERCANTILE NAVIES. By a Pmctical Ewginesr. He™*d br'fl 
F. M'Cabthv, lale of fho Ordnance Survoy Office, SonthamptoB. 1- ~ 

SS PRACTICAL NAVIGATION. Consisting of The 

^ Sea-Book. By 1*hB3 Grerbmood and W. H. Rossna. Tomlhet iM 

-„. the requisite! Mattiemalical a-afl NiuiL\ca\ ta!A™ to, ■*» WnHas of ■ 

="•*• Problems. By Hnsa-i lAW,C.^..an4 l.^.~<ODv.Q.\<j™,*grf- ■ 

AlaHematica (nBeUaM Congee. W«.aWi-^^™«™«;^« 

ines and Colourei Plato- Tvt«™^5*^f^;^|^^^ 
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WEAi.ES RUDIMENTARY SERIES. 7 

PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 
I. CHEMISTRY, for the Use of Beginners. By Professor Gborgr 
FOWKES, F.R.S. With an Appendix on i]<g ApplK^^tioR ai Cbcmislryta 

a. nTtURA'l "philosophy. Introduction to tic Study of; for 
Ihe (Tse cF Ueginneti. By C. Toulixson. L.!cIurBi od Nituiil Science in 
Kins'! Col lace School, Londiin. WoacicuU. ii.M. 

4. Jf/iVi'^viZOey, Rudiments of; a concise View of the Propettiea 
ofMinorali. B» A. Ramsay, Jan. WoodcuH =nd S(™,1 Pl.-iie.. ,>.i 

6. MECHANICS, Rudimenlaiy Trenlise 

poiilion of Ibe General Fiinciples of Mech»ni<::i 
tionj. BjCh*rlbsTohuh30n. HJiutralHl. 

7. ELECTRICITY; showing the General Principles of Electrical 

Srieace, and the puiposn tn which it hu bc» ippiicd. By Sir W. Snow 

Hariiis, F.R.S, &c. Willi Addltiona by R.Saiui.*, C.E., I'.S.A. 1.. 6d. 

' ;*. GALVANISM, Rudimentary Treatise on, and the General Frin- 

' ciplu of Animal and Voltaic Electricity. By Sic W. Snow HA111119. Nen 

Editioa, witli coBiidecableAddilioni b^KoBiKTSADiHii, C.E., F.S A. ii.6d. 

8. MAGNETISM: being a concise Eiposition of the General Prin- 
* cEples oF Maenclical Science, and tbepurpoiefl i9 which it hu been applied 
" By Sir W. Smow Buiius. New Edition, nnrited and enlarged by H. SI. 

MciAD, Ph.D., Vicc-PreddenC of the Ch.inical bociety. Author of "A 
Manual of ElecHdi^"Sc^ac. With .«( Woodciiti. ji. ed.t 

> IT. THE ELECTRIC TELEGRAPH; ils History and Progress; 

'■ with Dcnriptloniof tome of the Apparaluji. ByR. SABtn, C.E., F.SjV. s>- 

X3.. PNEUMATICS, for the Llse of BeeiuBen. By Ceiaklss 

TouLiNwa. Illuitrated. ijs. 6d. 
71. MANUAL OF THE MOLLUSCA; a Trealiso on Recent and 
Kouil Shell.. By Dr. S. P. Woodward. A.L.S. Fourth Edilion. Willi 
Appendii by Rauu Taib. A.L.S., F.G.S. With numccmi Plates and joo 
Woodcuu. es.«d. Clolhbaudi, ?a. 6d. 

^•*. PHOTOGRAPHY, Popular Treutise on; with a Description o\ 

thsStereoicope, Eic. Translated from the Fn^nch of D. VAH MONCKKOVIH, 
VyW. H. Thokkthwaite, Ph.D. Wondeut., n.6d. 
06. ASTRONOMY. By tbelate Rev. Robert Mais.M.A-, F.R.S. . 
lonnerlr Raddtffe Obtcrvsr at Oiford. Third Edition, reviiod and cor- 
rected (0 the Projent Time. By WiLliAM TuvasB LvKK, B.A., F.R.A.S., 
formerly of the Royal Obioivatory, Greenwich. M. {Juit piitlwhcd. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 
embracinir alio a clear develapmenC of HrdroiUlici, Hydrodynamlci, and 
Central Forces. By T. Bakbr, C.E. it.iSd. 
1)8. TELEGRAPH, Handbook of the; a Manual of Telegraphy, 
Telciiranh Clerlu' Remembrancer, and Guide to Candidates for Employ- 
meat ia Ihe Tolograpb Service. By R. Bonn. Fonrth Edilion reviMiJ and 
enlarEod : to whrch 11 appended, QUESTION.^ on MAGNETISM, ELEC- 
I-RICITY, ud PRACTICAL 'rei.EGRAPHY, for the Uie of Studentj, 
byW. McUaacllH, Pint AwlitaotSnpnt,, Indian Gov. Tele^rapha. 3»-t 

173. PHYSICAL GEOLOGY, partlv based on Major-Geneial PoaT- 

LQC>t's"Rudiment.ofGeoloty.'' BykAU-aTAra, A.L.S.,&c. Woodcut., m. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Po«ru>CH's"Rudiniont>," By Ralph Tatb, A.L.S.,1«:. Woodcuts. S5.6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 
I, Historical. Partly hued on Major-General Portujck's " R.idimen^ » 
174. GwloRy." By Ralph Tate. A.L.S., F.G.S.,s.c. In One Volume, (s.fid.l 

183 ANIMAL PHYSICS, Handbook of. By Pr. Lardnee, D.C.L.. 
At fbrmerly Profeiior of Natural PhUoiophy and Astronomy in Univenily 

,S. College, Lend. Wilhs'oinustralions. In One Vol. 7.. 6d.. cloth boards. 
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WE ale's RODIMENTARV SERIES. 



MINING, METALLURGY, ETC. 
117. SUBTERRANEOUS SURVEYING. Eiementary and Pracliol 

Tnatiw on. with and witboui ihe Magnelic Needle. By Thox*s Fr 

fiurvrjwrafMinM, ind Thomas BAKeB, C.E. niuitraled. 11. 6d.: 
r33. METALLURGY OF COPPER : an Introduction to the MelioA 

of ShUde. Miniae, aad Aiuyiai; CDpper, Bad Manufacturing iti Mon. 

Bv Kdhrkt H. Lauhoiin, Pb.D. WoaacdU. n. Bd.t 
134. METALLURGY OF SILVER AND LEAD. By Dr. R. H, 

(33. ELECTRO-METALLURGY : Practically Treated. By Alm- 

AND«I> Watt, F.R.S.SJ^. 7tll Edition, reriied, with IRipDrtul idditiintl. 
inrludinii tlo El retro- Deponitioa of NickEl, &c. WoodcuK. ii.t 

17*. MINING TOOLS, Manual of. For the Use of Mine Managos, 
AnDti, Stndenti. »c. 6v Willuu Morgans. ». fid.l 
I7i». MINING TOOLS. ATLAS of Yx,^^viB^ to Uliistrate the abo«, 

•176. METALLURGY oF'lRON. Containin°g Hislore of Iron Muiiu- 
fuclure. Mettaedi ofAisy. and An&lTsu if Imn Orei, FrocumDr"- 
(aclure of Iroti and Steel, lie. B; H. Bauehuan, F.G.S. jih 1 
revised and enlarced. Sl.t ijtal fuHiiluJ. 

180. CO-iZ ^A73 CO^I MINING, A Rudim™tarv Treatise oi 
By Waumoton W. Shvth, M^., F^.S. Fifth Edition, reiii ' 
inUreed. ■Withnnmarom ULaitralionj. jj.M.t 

195. Tim MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, »ith new Traverse Tab!ei, und Deicriptions of Imtimi 
Imtramenti; aljolheCorrect Prindplesof 1-ayini; out »nd Valnine ^noi' 
ProperHM. Br Wll.UAir I.IKTEIW. Minini: Bnd Civil Engineer. u.6d.I 

114. SLATE AND SLATE pff^J^^y/Afff, Scientific, Practical, ami 
Commercial. By D. C. Divnts, F.G.S., Mining EDKincer, tc. Witt 
ni.nictnu. IllnitrationB and FoldioaPl.ites. ij J 

11^. THE GOLDSMITITS HANDBOOK, containing full Instmt. 
lions for tbo Alloying and Woiiiing of Gold. By Geohok E. GBB.GoldiBitl 
Knd Silvorsmia,. Second Edition, coniidorablyenlaraad. ji.t 

jaj. THE SILVERSMITH'S HANDBOOK, containing full In- 
itmctioni for the AltoTinannd Working of Sliver. By GeohciE. Gbb. 

220. MAGNETIC SURVEYING. AND ANGULAR SURV. 
IXG, with Records of tbo PeculUrltieioF Needle Disturbances. Com 
from the Reinltj of cati^fnlly made Eiperimooti. By Wiiham Liit 



FINE ARTS. 

ao. PERSPECTIVE FOR BEGINNERS. Adaptcil to Youiii 

Student- and Amaleora in Arrhitecr.ir-. P.iintinir. &c. BvGeobiie Prm. ^ 

40 GLASS STAINING, AND THE ART OF PAINTING OS 
& 41. GLASS. From the GLTman nl Dr. U-issKBi and KirANUEi Ono Ff"-" 
' B-r., Wilb^" Apwiirli. ..n-l^E At.T"|.EnAH1lliso, I..6d. 

69. MUSIC, A Rudimentaiy and Practical Treatise Ml, "^ 

71. //TAW-oJeTferXh/Art'of Playing tre"" With numeroiu E 

ciscj8i(*jai>n5fromlIioB«tJtatterj. By Cn Amis Child Spbncm. 1^-5— 
69.;i. MUSIC AND THE PIANOFORTE. In one volnme. Hill 



181. pTiN^JNG popularly EXPLAINED, including Fiescft 
Oil, Moiait, Water Colour, Water-GIajs, Tempera. Eacauilit Minialo* 
Painanc on Ivorr, Vellum, Polterr, Enamel, Glass. 6.C. Witt HiiWHol 
SkotchB. of Iho Progress ai tto Art by Tmohas John Gdujcic i " ' "* 
ToHH Tijiin!, F.S.A. Fenrlb Edition, revised aBJenlireed. s« 

186.^ GRAMMAR OF COLOURING, applied to I . . ,„ 

Painting and the Arts. % Gaotas Viei.d. New Edition, enlarged ui 

adapted to lhe_TIse oi the OmamcntaVViitUii hATi«.?!M'- Bt Eimt 



Dawdsos. With two ne«Co\ou>iaT>\ac™.mv»«. 11 
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AGRICULTURE, GARDENING, ETC, 

66. CLAY LANDS &• LOAMY SOILS. By Prof. Donaldson, ra. 
131. MILLER'S, MERCHANTS, AND EARMER'S READS 

KECKONER. WiUiepproiimale valucsofUillstnncs.MUIwork, tc. is. 
140. SOJL.% MANURES, AND CROPS. (Vol. I. Outlines oh 

MoDBEN Fakhiho.! U; K. Scott Burn. AVoDdcnti. 29. 
l|l. EARMING &- FARMING ECONOMY, Notes. Historical and 

Practieal.on. (Vol.s.ODTOKnsDF-MDnEHKFAHMIWO.) ByR, ScoiiBmis,,n. 

142. STOCK: CATTLE, SHEEP, AND HORSES. (Vol. 3. 
Odtunis DF Modern Farhiso.I ]4t K. Scott EtirKH. WoodcuU. u. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. HcoTT EuHN. Wilt NolM on Iho DlaeaiM of SiDclt. (V0I.4. Ouiukbs 
or MoDBKN Farmins.) Woodctiti. IS. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

KECLAMATION OF WASTE LAND. (Vol. (. Ouilimes of Modirn 

Fabmiko.) By K. Scott Burn. Wgodcittt. a.U. 
<•-* Kdi. 140-1-1-5-6, In One Vol.. ban dsomely half-bound, entitled "OuTLiHESOF 
Modern Fabmind," By ROBIHT Scott Bubn, Price 111. 
177. FRUIT TREES. The Scientific and Profitable Culture of. From 

tba VrCKch o( Du Ukruii.. KevisFd by Gso. Glbhhv. 187 Woodcuu. 39. ed.t 
198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY. AND 

DISEASES OF. Bv W. C, Spoonsb, U.R.V.C, ftc. Fourth Edidon, 

enlarged, including Speciocni of New and Impiovcil Breeds, ji. 6d.t 
I aoi. KITCHEN GARDENING MADE EASY. Showing how to 

prepare and lay out the ^oqnd, the best mean^ of cultlvatinc ovcry known 

VsereUhln and Herb, sc. Hv Ghoroe M. F. GiBHn*. h. M.l 
S07. OUTLINES OF FARM MANAGEMENT, and thd Or£am- 

tatten of Farm Luboun Treating of the Gcnsial Work dF the Farm ; Field 

and LivDSlDi;k;Delai1> of Contract Work; Spedialitlei of Lal»ur, Sic., IH:. 

By Robert Scott BcBK. as. W.! 
m8. OUTLINES OF LANDED ESTATES MANAGEMENT: 

TreuliijE of tbe V^eHei of Laada, Muthod) of Fannine, Faim Balldingi. 

*,• N^m%- i^'fn^ui VBl.,)'i-»dtomrl]' ia/f-Knund.'tniHled" 0<:^us^s Of 

LAKn.nEsiAlESAKDFABMMBKAGBHKNT.'' B^ R. ScOTT BoRK. IVcfU. 

Jog. THE TREE PLANTER AND PLANT PROPAGATOR. 
A Practical Manual on ISo Propagation of Fonal Trem, i'niit Ttera, 
Floweriaic Sbruba, FloweHng PlanU. be. By EAUDIL WwjD. u.t 

aio. THE TREE PRUNER. A Practical Manual on the PruninE of 
Frail TrcM, incladiBB aim (heir TrainiBg and Kenofation : alio the Pmning 
ofShiubi. CUmben.aadFlowerlnePlaiiti. by Sahdei. Wood, ii.t 
•••TVoj, mq&'iioinOiu Vol., Aamfscmify iaf/.ioUHli, l-nM/lil"lBsTiaB 
PlANTKH, PrOPAOATOR ABB PrUKBH."' By SAMUEL WdoU. Price St. 

2l8. THE HAY AND STRA fV MEASURER; Sang NevTB.hies 
for the U^e of Auctlnnc^rs. Valuen, Farmeri, Hay and Straw Dealcn, Kc, 
forming a complete C^iU^iilati,r aod Rpady-K' ckonerj especially adapted to 

131. ^UBURsTlv''EARMTNG.'''°rhe''jUylTis-oai and Cultivation of 

ana'pi'(^.'''Hjl'ro.".. ""'.'^""i" .' 'i„n<"sc""rBi™' js^.!"" "'' 
ail. THEARTOl-i '.- ■ ' : . .■ ' V/< BUDDING. By ChAHLes 

BAL'ST. Witt, ;i|. [Ju!l*uilisia/. 

J32. COTTAGE O'^i., I'ou'eis, Fruits, and Vecclables 

forSmnlU-.rden. I. . r ■.-, ,. •J. [Jml fuilisknl. 

' xxx. GARDEN RELLjii^. h.jiit.-U uy Charles W. QffiN. :5,6d. 

234. THE KITCHEN AND MARKET GARD&N. By Con. 



■, Editor of " Gaid™.- 
.ne iiiustraico.- 430pp. !!.: ^mt ^trnvti. 

ZAND DRAINAGE, in Tlicoty aui ■^^a.l:^:\«- ^"^ .^'^Sl^^^ 
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13 WEALB's RL'DIMESTARV SERIES. 

Arithmetic, Geometry, Mathematics, etc., eonlinued, 

199, INTUITIVE CALCULATIONS; or, Easy and Compendi. 

MelbDdi of PufonainK Die raiiaoi Arithmetical Operationi itqainj 

DmduIi ud Daixlfciiiuli, meial 'Uicful Tables, ftc Ur III! — 
O'GDimAN. Twentj-Efth Editian. CDmtctcd and Enlarged bj J. K. YoDHC, 
fonnwl)' PiDfauoT of Mathematio in BelEul CoLlcec 31.1 
104. MATHEMATICAL TABLES,SorTng<3BOmetni:ai,As\.ttiTiom<d, 
and Kanllcal Calcnlationi ; 10 wbicfa ii prcGivd a TmtiH 00 Logarillii - 

u..t. I... ^u -r—cthir with a S«riei ofTlblBfor \a.igili 

}y J. R. YOUKO, fomerly PiuliBior of Mit 



Fut CalJegE. tCcw EiUtian. 1 

S. WEICl 



»ii. MEASURES, WEIGHTS, AND MONEYS OP ALL NA- 
TIONS, and an Analyiii of lbs Chnician, Hebrew, and Klahomcta 
Catendari. Br W. H. B. Wooujdusb, P.K.A.S., P^.S. Sixth Edition 
can^tly revlrtd and eaUreed. u-t 

»JT. MATHEMATICS AS APPLIED TO THE CONSTRUC 

TIVBARTS. lIliiil>atinglhBniriou>Iiroce«aof MaCblmatical J— -= 

ELiaOi bv naant of Arilhinelical and Simpie AlgQbraical Ecuatio 
actiul Eiampla; alio the Mclbads of^AoalyiinE Princi^n ai 
dnciac Rules and FonnuliB, applicable to tbe Rcqu'iemcDls of Fi 
Bt FaiHcii Cahpiv, C.G., Author of "Matniiali and ConUiocdo... .._ 
SecoDd Edition, reriied and enlarged bfdiB Author, ji.t Uml paiiiihd. 



MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS uied in ARCHITECTURE, 
BUILDINC.ENGINEERINC, MINING, METALLURGY, ARCHE- 
OLOGY. Iki FINE ARTS,^^. ByToHHWiAia. Rfth Kdilimi. RrHad 
t>r KosRT Ui'NT, F.R.S.. Khth of Mining Keconli. NnmercHii lllui- 

(C THE^tlwhF'^o'NfRACTS FOR WORKS AND SER 

VICES. By David Gibbons. Third Edition, enUrEcd. ji.t 
112. MANUAL OF DOMESTIC JJEVJCINE. Ey R, GooDlNO, 

B.A., U.D. Inlendcd a> a FamitY Guide in all Caaei of Acdde 

!12». MANAGEMENT oT HEALTH. A Manual of Home anJ 
Pertonal Hygiene. By Iho Rei-. Jahji Baird, B.A. ij. 

Ijo. LOGIC, Pura and Applied, By S. H. Emukn.';, is 6d 

ISJ. SELECTIONS FROM LOCKE'S ESSAYS ON TBE 
HUMAN UNDERSTANDING. With Notes by S H Bhhbms jt 

IJ4. GENERAL HINTS TO EMIGRANTS. ConUininE Noticti 
□r the Tsrioui Fieldi for Emieration, With Hiuli on Preoarati 
Jiinierating, Outfit!, ftc, Ic. With Dirortiooi aad Recipes i^fu] „ „ 
Kmieranl. With aM;ii) of tbe -World. >9. 

157. THE EMIGRANTS GUIDE TO NATAL. By RoBMl 
JA«H5 Mank, F.R.A,S„ F.M.S. Second Edition, carerully ioirwied " 

193. HANDBOOK OF FIELD FORTIFICATION, intended rorlhe 

Guidance of Officer. Preparing for Promotion, and especiallT adapted U (at 
g^cnijrcni^nl, of BeEmi,e«. IW Major W. W. KNOLLYS, F.R.t.S.. ^ 
SurberJand Hifhlamlers, Sc. With ,6) Woodcuts, ii.l ^ 

iqi^ THE HOUSE MANAGER : Being a Guide lo Housekc. 
Pnictical Coofcerj.. rickliug and Preserving, Household Wort, 
Manajj^col, the labloand DesiBrl, Cellarage of WiuM, Hoine-bi„~ 
and Winc-niakinf, tbo Boudoir and Dresiing-rooin, Travelling, SuUt 
Econnmv, Gardenme OperatiocB, 6c. By Ak Oid Hobsskhki^ii, >■. ti] 

194. HOUSE ROOK {Thi). Comprising -.—l. Thb House Manage*. 

,* Jlrorety half-bound. 6.. 
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EDUCATION AL AND CLASS ICAL SERIES. 

HrSTORY. 

I. England, Outlines of the History of j more especially wlih 
icfcisau 10 the OnEin and Piogrcss of the Eneliili Conitituiion. Bi 
■WiLLiA« DouQL*5 Hahhion, F.S.A., of Kei Itkjeiiy'a Public REiorii 
OScD. 4U1 Edition, reviieii. 5s, ; cloth bcs^ Gg. 

5. Greece, OutUoas of the History of; in connection with the 
Rite of the Arts and CHliialion in Europt. BtW. DouGua Hahiltoh, 
of UnivBTsity College, London, and Edwabb LBVIB^, M.A., of Balliol 
College. Olloid. is. 6d. ; cloth boardi, 31, fid. 

7. Rome, Outlines of the History of: ftom Ihe Earliest Period 
to the Chriitisn En and the CnimnencemEiit of the Decline of the Empire. 
Bt Edward LiviBH.ot Ballio] College, Oiford. Maii.is.fid.: d.bds.js.ed. 

9. Chronology of History, Art, Literature, and Progress, 

troro llio Crention 01 the World to the Conclusion of the Etanco-Gennan War. 
The Conlinuation bv W. D. Hamjltok, F.K.A. 31. i elolh board!, 31. M, 
50. Dates and Events in English Kistory, for the use ot 
Candidalm in Public and Private E.aminalions. BythcRci-. E. Rand, ij, 



ENGLISH LANGUAGE AND MISCELLANEOUS. 
II. Grammar of the English Tongue, Spoken and Writien, 
With an Introduction lo the Study of Comparallvn Philology. By Hydi 
CiABKs, D.CL. Fouttb Edition. 11. 6d. 
!!•. Philology: Handbook of Ihe Comparative Philology ofEnglish, 
Anglo-Saion. Frisian. ElcmiBh or Dutch. Low or Plait Dutch. HiEh Dutch 
Port™«e'To^ti^M. "By HvDrcLllKB, D?C. " ' h', '™''' ^^°' ' '" 

iz. Dictionary of tha English Language, as Spoken and 
WHlleo. Cont^ning abnve loo.eoo Words. By il»)ii Clarkb, D.C.L. 
3s.6d.; cJolh boards, 4S.6d. ; completewith lie GrAMVAh, cloth bds., S>.6d. 

4S. Composition and Punctuation, familiarly Explained fai 
those oho have neglected the Stu£y of Grammar. By JcnlH Brknah. 
iTlh Edition, is.ed! 

49. Derivative Spelling-Book s GivingtheOriginofEvetyWord 

from the Greek, Latin. Saiou, German, Teutonic, Dutch. French, Spanish, 
and other Languages ; with their present Acceptation nod Pronunciation. 
By J. RoWBflTHAM, F.R.JV.S. Improved Edition, is. 6d. 
5t. The Art of Extempore Speaking : Hints for the Pulpit, the 

Senate, and the Bar, By M. BAUTAIK, Vicar.General ^nd P.ofeiisor at the 
Sorhonne. Translated from the Fraocb. 7thEdilion,eaietullycom-cied, M.6d. 

Sa. Mining and Quarrying, wilb the Sciences connccied there- 
with, first Book of, for Schools. By J. H. CdlunS, E.G.S., Leclurer to 
the Miners' Association of Cornwall and"^Devon. is. 

S3- Places and Facts in Political and Physical Geography, 

for Candidates in Eiaminalions. By the Rev. Edgar K«Nn, B.A. is. 

54. Analytical Chemistry, QualilativE and Quanlitative, a Course 

of. To which is prefiied. a EricfTreatise upon Modem Chemical NoniBOcila- 
tnie and Notation, By Wu. W. PiSK and Georob E. Wkhsihr. as. 

THE SCHOOL MANAGERS' SERIES OF READING 
BOOKS, 

Adapted to the Requirements of the New Code, E^litcd by the Rev. A. R. Grart, 
Rector of Hilcbam, and Honorary Canon of Ely; formerly H.M. Insjwclor 
of Schools. 

iNTRODDCIOHT PrIIIEB, }d. 

First Stamdabd . . o' 6' Foubth Stakdard . , . 



7. SrATiONKRB' HALL COURI, -UVTOOKS^ ^ 



4 tt-8ALES EDUCATIONAL AND CLASSICAL SEKIES, 

FRENCH. ~ 

14. French Gramraar. With Complete and Concise Rules 

Gendera el French Nouns. % O. L. Sirabss, Ph-Oi n, 6d. 
iji French-English Dictionary. Compiismg a lares nnmbn 

NwTcmiuitdinEoEinecriiiB, Mming, lie. By AiEnep Elwks. u.6. 

;(";. English -French Dictionary. B/Alfiied Jii-wss, is. 
;f,*6. French Dictionary (as above). Compleie, in One VoL, y 

cln'h bianl), 31, £d. *,' Orwitli thoGKAmuu, clatbboardi, 41. 6d. _ 

47. French and Knclish Phrase Book ; contatninE Intitv I 

iluctory JL.|B«!!, with Tranililioni. sereial VooabiilariK of Worli, . CoL 

GERMAN. 
35. German Grammar. Adnpied for English Studenls, boa 

Hiyjc". TbKiretica! anJ Prarlical Grammar, hy Dr. G. L. Sikauss. u. 
40. Gera^an Reader; AScries of Eiiricls.carelvillyciilled&oinilii 

- —■■ "■-■■ ' '■ -^A NotH. Philolopral ssd Ei- 

By NiCBOtAS EffTKRMAH 
s. A. Hamhtdh. Id ThrM PBiti. Part I. Germaa-French-EnBliil. 
Pirt II. Engliili-QermaB-rteocli. Part in, French -Gennan-Eii(liil. 

3 German Triglot Dictionary (as above), logether with Germiui 



ITALIAN. 
a;. Italian Grammar, arranged in Twenty Lessons, with a Count 

ofEierciwi. By AlJK»n EiwKS. n. 6d. 
28. Italian Triglot Dictionary, wherein the Genders of all tbe 

Val. 1. ItaJian'-Englisb-Fl. _. 

y. Italian Triglot Dictionary. By A. Elwee. VoL i. 

EnBliih-Firach-ltalinn. gs.M. 

it. Italian Triglot Dictionary. By Alfred Elwbs. VoL } 
;8,30, Italia 

SPANISH AND PORTUGUESE. 

3*. Spanish Grammar, in a Simple and Practical Fonn, Wlk 

aCouraeDfEierdso. £/ Al-FREIi Elw>S. la. M. 

35. Spanish- English and English- Spanish Dictionary. 

IllclD<linj-alareenunibcrcfTcchi>:calTctintuiedioUIn:dl[,EiiaiiieEriiie,*c 
with tha pcopcr Accent! and the Gsndor of evoiy Nonn. fiy Alfrid ElwB. 
49. 1 clotb boardi. ss. *,' Or with the Grauuab, cloth boaids. 6t. 

55. Portuguese Gramnaar, in a Simple and Practical Fonn. 

Wttb a Coone of F.xcrcises. By Auhhi. Elwes. is, 6d. 

56. Portuguese-English and English-Portuguese Difr- 

-ThlboG^nd™ of each Nonn. By AutiedElwhs. 

[/"M^ >«■>.. 

HEBREW. 

46». HebrBTv Grammar. By Dr. Bresslau. is. 6d. 
44. Hehrew and English Dictionary, Biblical and Rabbioieall 
containice tbe He^tr.'« aitd C\.aUivs tUots at the Old Testanioit FMt- 
Ralihinlcol ■Writlnvs. By Di.aB.i.5svJcu. f«, 
46. English and He:l:.te-w ■0^c.-LVoTva.t;^._&^:t«.^-v^^ ■> 



f^.^e, Hebrew DictiotvarY ^' 
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LATIN- 

19. Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
M.A., Head Master of the Greenwich Proprietary School, is. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2S. 

22. English-Latin Dictionary ; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thcimas Goodwin, M.A. is. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d. ; 
cloth boards, 4s. 6d. \* Or with the Grammar, cloth boards, 5s. 6d. 

LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by H. Young, is. 6d. 

2. Caesaris Commentarii deBello Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young. 2s. 

3. Cornelius Nepos. With Notes. By H. Young, is. 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by W. RusHTON, M.A., and on the Georgics by H. Young, is. 6d. 

5. Virgilii Maronis uEneis. With Notes, Critical and Explanatory, 

by H. Young. New Edition, revised and improved. With copious Addi- 
tional Notes by Rev. T. H. L. Leary, D.C.L*, lormerljr Scholar of Brasenose 
College, Oxford. 3s. 
5* — — — Part X. Books i.—vi., xs. 6d. 
5»» — — — Part 2. Books vii.— xii., 2S. 

6. Horace; Odes, Epode, and Carmen Sseculare. Notes by H. 

Young, is. 6d. 

7. Horace; Satires, Epistles, and Ars Poetica. Notes by W. Brown - 

rigg Smith, M.A., F.R.G.S. is. 6d. 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by W. M. Donne, B.A., Trin. Coll., Cam. xs. 6d. • 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. James Davies, M.A. is. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. James Davies, M.A. 2s. 

11. Terentii Eunuchus, Comoedia. Notes, by Rev. J. Davies, M.A. 

IS. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev. 
Jambs Davies, M.A. is. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lkary, D.C.L. formerly Scholar of Brasenose College, Oxford. 
IS. 6d. 

14. Ciceronis Cato Major, Laelius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownriog Smith, 
M.A., F.R.G.S. 2s. 

16. Livy ; History of Rome. Notes by H. YouNQ and W. B. Smith, 

M.A. Part i. Books i., ii., is. 6d. 
16*. Part 2. Books iii., iv., v., is. 6d. 

17. Part 3. Books xxi.,xxii., is. 6d. 

19. Latin Verse Selections, from Catullus, Tibullus, Propertins, 

and Ovid. Notes by W. B. Donne, M.A., Trinity College, Cambridge, as. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Florus, Velleius Paterculus, Valerius Maximus Sueto* 
nius, Ap'.ueiu3, &><:. Notes by W. B. Donnb, M.A. 2s. 

21. Juvenalis Satirse. With Prolegomena and Notes byT. H. S, 

EscoTT, B.A., Lecturer on Logic at King's College, London, as. 

7, STATIONERS' HALL COURT, LUDGATE HILL, E.C 



|6 "iVEALES EDUC«TIONAL AND CLASSICAI. SERIES. 

GREEK. 
14. Greek Gramniar, in accordance wiih tbe Principles atiJ Philo. 
]Bfpa> Rrwucbd of tins thai! cin[n?nt Scbolan of our own day. By Hiv^ 

15,1;. Greek Lexicon. Containing all lie Words in General Use, wkt 
thtir SisnificallQoi, InBectiont, ana Donbffol Qnantidei. Bv Hi-iin K, 
Hamiiiot.. Vol.1. Grack-EoEli*h,iH.6ci.;Vol. e. EDKlijh-Gr«k,a. Oi 
tha Im Vol(. ia Onc^ 41. M. : dotb boanU, 51. 
14, ts- Greek Lexicon [as above). Complete, with ihe GKAMitAit, in 
I}. One Vol., ctoth boanli, 61. 
GREEK CLASSICS. With Explanatory Notes in English. 
I. Greek Delectus. Conlaining Eiiracls from CJassical Antbors, 
Willi Geoeslogicid VocibnlariM and^Explasaiory Notes, by H. Youko. K«<. 
Edition, wilb w IB proved and cnlargcsd SunpleBicntaiv Vocaholar! bv Ism 
HuiCHliON, M.A., of the Hlgb SchS>l. Glisgoiv, 11. 6d. ""■^''' "'■""' 
;, 3. Xenophon's Anal^aslsj or, The Relraal of the Ten Thousani 
Nolaai,aaGeDgriplii«l.ReKi«er,b7H.YouKd. Part 1. Bookii.loiu, 

4. Luolan's Saloct Dialogues. The T«t carefully revised, willi 
Gmnmatical and EiplaaatoiylJole., by M. Youkq. u. ed. 

5-ii, Homer, THe Works of. According to the Text of Bakhmmtn, 
AoUioril!«, 'with PreliiniBxij Oluervali'oM and Appendites, bj T. B. L. 

Ttii ItiAB: 'Paili'. Booki'l.lo d., ».6d. I Pact}, nooks liil. to xviii., if. U. 

Tai Oi>v»M»; Parti.' Konkii. io vi./is.id' I Fan]'. BoolJ I'm. loilffl' w.Sd. 
Pani. BQaksvii.loiil.,ii.6d. Fait «. Books lii. Io iiiv.. and 
I Hymns, ,,. 
13. Plato's Dialogues: The Apology of Socrates, the Crito, and 

thePhirJo. From the Tc« of C. F. HbbhANH. Edited with Notes, Criticil 
and Eiplanalary, by Ibe Rev. Jamis Davies, U.A. u. 
14-17. Herodotus, Tbe History of, chiefly alter the Text of GAisroRi). 
With PreliDiinaTy ObieivatioBi and Appendices, and Nota, Critical ud 
Baplanatoiy, by T . H. L. Liahy, M.A., D.C.L. 

Pin t. Rooki i., li. [The Clio and Eutort-), m. 

Part I. Baoki iil., It. gke Tbalia and ]lio:pnmene), 11. 

Part I'. Rooks viii™ii. niB IJ^mi°^'d cLEopel and iL^d^.'^'M. 
18. Sophocles! CEdipus Tj-rannus, Notes by H. Young, is. 
10. Sopliocles : Antigone. From the Text of Disdorf. Notes, 



23. Euripides: Ht 

DOHF. With Noil 



a6. Euripides ! Alcestis. Chiefly from the Text of Dindobs-. VTith 

Nolei, Critical and Einlanatorr. bv Torn Milnes. B.A is. 6d. 
30. jEschylus ; Prom 

tbe Teit of DlHDORF. 

by ths Rev. Jaubs D. 

12. jEschylus; Senti 

FromtSeTe.lo{ril» 

40. Aristophanes ; Achamiana. Chiefly from the Teit of C. H. 

IVsiaa. With Note), by C, S. T. Townshe.nd, M.A. is, 6d. 

41. ThucydldeS! History of the Peloponnesian War. Notes by H. 



42. Xenophon's Paneg^rVt oti K^esllaus. Notes and Inb/yr 
diction hy_L.. E. ■W.^KwvTT^.-bi^ ,^„ ^,_ _^ ^-^ v««,Xr ■ 

.„^^.. CollcKe. Q-. tord. 

lOCKWOOD •^B UU., it" ^M 



L 4^- ■ 

I «. Demostlienes, 'fhoOi 

k" m.h En,li^h,No_t_c.^^V«,^l^. 



